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7 AUE had. * and 2 
pceculations of the fchools are nom 
| no more, reſcarches into nature 
are become the buſineſs, or the amuſement, 


of the learned and ingenious. The 


phical romances too, for ſo the * of 
matiy philaſophers. may be called, are no 
longer liſhed by the public; and the loverg 
of ſcience adele theories e by 


Whülſt philoſophers { ſora, to, preſent to 
the world any thing, but compleat ſyſtems 


of nature, the 25 hn of uſeful u 
was neceflarily 


4 e e 3 for few 
had courage to attempt fo. vaſt an enterpriſe, 
and fewer ſtill were capable of ee 

hypotheſis adequate to explaining plaufibly all 
the operations ot nature. The infinite va- 
riety of natural objects, the ſtupendous coin- 
cidence and diverſity by which all agree and 
all differ, muſt convince us, that no vigour 
of judgment, no warmth of fancy, are equal 
to the tracing of every phenomenon to its 


firſt cauſe; and hence our regret, that thoſe 


talents ſhould have been loſt to mankind by 


en e nature, which might 


have 


R 


3! — 
Y 
| 
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have been empleyed with prodigious benefit 
in ſome particular branches of philoſophy, 
' But, the mind, for wiſe purpoſes, was 
formed to deſire the completion of whatever 
is begun ; and from that tendency, the phi- 
loſophy ſprang, which deſpiſing the laborious 
method of inveſtigation and experiment, pres 
tended to explain, by clear ideas, the =o 
conſtitution of things. This was the Carte- 
ian ſcheme, and the grand ſource of all the 
_ ridiculous tenets, and wild notions of that 
ſchool. 

' Whoever hopes to acquire an accurate 
knowledge of the operations of nature, muſt 
be contented to proceed by a cautious and 
painful analyſis ; for as well might we pretend 
to build without materials, as to form, 
without obſervation and experiment, a ra- 
tional ſyſtem of natural fcience, The anci- 
_ ents paid little attention to experimental phi- 
loſophy, but devoted themſelves, with a truly 
8 ardour, to the obſervation of 

e phznomena of nature; and that proceſs | 
was conſonant to found reaſon, for experi- 
ment is only properly called in, to fill up thoſe 
chaſms, which ſimple obſervation neceſſarily 
leaves. The department of r e 
philoſophy is the unfolding of thoſe 
mena, the cauſes of which unaſſiſt pr i 
cannot perfectly diſcover, and whoſe con- 
nexions it cannot trace; and the advancement 
> that . of ſcience by conſequence de · 
OY 


— 


INT R ODUCTION, 3 

nds on the number and accuracy of our 

obſervations with reſpect to the relations, 
which natural objects have to each other, 

A philoſopher then ſhould be asse 
with enumerating connected ofheas; with 
exhibiting their points of coincidence, | by 
_ eſtabliſhing the analogies by which thoſe ef- 
fects, whoſe agreement appears flight, are to 
be attributed to the ſame cauſe ;, and in ſhort, | 
with ſhewing the divetſity ſubſiſting between 
the moit ſimilar objects, and the ſimilarity 
between the moſt different. The Phyſiolo- 
giſt in particular ſhould remember that his 
buſineſs is to narrate facts, not to invent them; 
that his judgment ſhould only be employed to 
combine and generalize obſervations, in order 
to eſtabliſh one univerſal truth, on an unin- 
terrupted chain of facts and probable deduc- 
tions. I ſay probable, for it would be abſurd 
to require demonſtration of any. truth, not 
mathematical. 

It we conlider the ſtate of medicine from 
the days of Hippocrates, to the preſent time, 
we (hall find that when phyſicians couſulted 
nature and inſtituted experiments, they made 
ſome progreſs in uſeful knowledge; but that, 
when they pretended to ſubſtitute conjectures 
for facts, they only involved themſelves in a 
cloud of words, and a labyrinth of errors, 
The application of the Ariſtotelian philoſo- 

phy, by Galen and his diſciples, both to the 
% and er ot phyſic, is the eleareſt 

C 
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proof of this aſſertion; for from the time the 
Galenical ſyſtem began to prevail, to the be- 
ginning of the 16th century, idle ſpeculation, 
and recondite jargon, were all that could be | 
learned in tlie ſchools of phyſic. 

At this period, Paracelſus, the noted Alchy- 


mit. a man of an ardent and enterpriſing 


temper, boldly freed himſelf from the tram- 
mels of authority, and ſtruck out a new path 
for the ſons of Æſculapius. He inveighed 
with acrimony againſt the pharmacy of the 
ancients, and in a paroxyſm of madneſs, 
burnt publicly the writings of the old Greek 
and Arabian phyſicians. His enthufiuſm, 
though extravagant, was eventually of ad- 
vantage to the healing art. It rouſed the 
tee from the lethargy in which they 
had ſo long remained, and generated that ac- 
tive ſpirit of enquiry, which has proved ſo 
PA to the advancement of every libe- 

ral art. 5 
Vanhelmont, and the other fallowers« of 
Paracelſus, inherited all his enthuſiaſm, and 
laboured inceſſantly to explode the ſyſtem of 
Galen. From their time, e which 

had been employed as an auxiliary in the 
cauſe of medicine, began to aſſume an uni- 
verſal ſway, ang to explain, on the principles 
of fermentation and mixture, every pheno- 
menon in animated body. But the love 
of bb 1755 both creates and deſtroys 
r oh eee, 
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theories, ſuffered not the illuſion in n of 
nn long to prevail. 
Chymiſts, when they ö 
and contemplated — nature, diſcovered 
that they had gone too far; and that the 
Hermetick art, how unbounded ſoever in its 
energies and principles, is inadequate to the 
_ explaining of many of the functions peculiat 
to the animal economy. 'T his diſcovery ws 
owe to the phyſicians of the Jaft century; 
and their conduct gives us reaſon to deplore 
the weakneſs of the human mind, which 
can rarely avoid one error, without running 
into another. No ſooner had they perceived 
that all the functions of the animal body 
could not be expounded on chymical princi- 
ples alone, than they raſhly attributed that 
univerſality to the mechanical ſyſtem, 1 
which the chymical was deprive. 
Conſiderabſe progreſs had been made in 
the ſtudy of mechanics, and thoſe whe de- 
voted their time to it, found daily new mo» 
tives to convince them, that, on mechanical 
principles, many of the arcana ot nature 
might be reſolved. Medicine in particular 
derived no imall advantage from having ticte 
principles applied to it; and reaſonings on 
them, achieved the ruin of the docttrine of 
Galen, which chymiſts had ſo happily begun. 
From the ſame ſource deſcended a more en- 
larged ſpirit of obſervation, and greater clear» 
n * pre ciſion io medical ratiocinations; 


but 


* 
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but phyficians ſoon became intoxicated with 
the conceit, that all the phænomena of the 
animal economy were explicable on mecha- 
nical principles, and in conſequence of it, 
wreſted every fact, how. diſſonant ſoe ver, to 
a conformity with that notion. 

The animal body however admits not che 
ſolution of all its phænomena on any particu- 
lar ſet of principles. Various changes are 
evidently induced in its fluids by chymical 
and mechanical cauſes, but it is not leſs cer- 
tain, that many functions peculiar to life are 
regulated by laws ſteady and uniform in their 
operation, which are not dependent on any 
principles of mechanics, or ,Coymality, hk 
therto eee | 

The judicious phyſician, * unſe- 
dnced by any ſect or ſyſtem, ſhould have 
truth only for his end, regardleſs whether it 

be obtaifſed from the crude experience of the 
Empirick, or the — labours of the 
2 „ © 
But leaſt the patience of my readers ſhould 
be exhauſted, it is time to give ſome account 
of the following treatiſe. The ſubſtance of 


it was publiſhed at Edinburgh, in an inaugu- 


ral theſis, in the year 1775, As at that 

time, I had no other view than to comply 
with the inſtitutions of the univerſity, it was 
written in haſte, and ſent to the preſs in much 
too crude a ſtate for public inſpection. Vet 


e of thoſe diſadvantages, the impot- 
tance 
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_ tance of the ſubject; and the novelty of the 
theory, attracted the notice of ſome ingeni⸗ 
ous phyſiologiſts, whoſe deſire to ſee it treat: 
ed more at large, and with greater perſpi 

ty, has induced me to offer it to the "ne 
under its preſent form, | 

In the proſecution of my om I have 
ſometimes deſcanted on chymical and phyſio» 
logical queſtions, which: feem not, at firſt, 
much a with my ſubject; but it has 
been ſeldom done, and only when ſuch diſ- 
ſertations tended to elucidate ſome of the ra- 
dical principles of the theory. Beſides, the 
ardent defire I have to excite the curioſity of 
phyſiologiſts, and to prevail on them to. in- 
veſtigate more particularly the phlogiſton, as 

a very important principle in the animal body, 
will, it is hoped, be my excuſe, if too much 
time has been beſtowed in tracing that uni- 
verſal agent, n the various cee FH 
of nature. 

s The reader cannot fail obſerving that- in 
general, I have evinced the truth of my hy- 
potheſis by experiments inſtituted for different 
purpoſes, by others; and my reaſon for that 
procedure is the proneneſs of every one to 
draw falſe concluſions from experiments, that 

he makes to confirm a favourite doctrine. 

Direct experiments, the nature of the ſubject 

precluded; but there are many in the courſe 

of. this eſſüy, which afford a collateral proof 

of the juſtneſs of the theory. 


To 
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To ſome it: may appear, that I haye dwelt 
too long on the hypotheſes of former phylig+ - 
lopiſts; but it ſhould be conſidered, that 4 0 
of the 3 * on any 
{ubj is perhaps not le ] an ace 
— yp truths, which they eſtabliſhed z 
for, whoever:knows the commencement and 
extent of a deviation from any path, muſt 
neceſſarily know the path that is deviated 
from. It was alſo requiſite to give a con- 
eiſe hiſtory of all that had been advanced 
on the ſubject of animal heat, and to aſſign 
the reaſons, which perſuaded me to reject 
the prevailing opinions with reſpect to its 
cauſe, before Lſhauld proceed to offer that 
notion of it, which 3 atleaſt, ſeems. bet 
ter toun dec. 
2 But of this, my render with determing, nd 
W > to his den: L ſhall chearfully ſubmit x 
W not, however, without ſoliciting his eandour 
and indulgence for the many overſights and, 
ns he inay diſcover in me, both as a 
wruer-and'a philoſopher, and 3 him 
ll to remember, that à generous allo wance for 
3 the faults of a young author rang 
! 1 eee Ne ti * 
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Of Avia Hear in „ gene 
2 | "ba naman 
EAT. is — the chief 
By it, nature carries on her moſt 
important operations. Plants'and 
animals derive from that ſource their growth 
and vigour 3 and nature, equally ſimple and 
PO m every 8 has endowed” the 
animal 
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| oniqal body; with the power of .geperating 
its own heat. , Without this, the tempera- 


ture of the air in various climates would haye 
been deſtructive of life, and man could only 
have been the inhabitant of thoſe zones, 
Which are called temperate. 
A queſtion ſo curious as that, which has 
: for its object the cauſe” of the power above- 
mentioned, claimed the attention, and exer- 
ciſed the ingenuity of the learned and ptulo- 
ſophick of every age; but all their efforts 
have not yet been able to extricate it from 
- obſcurity, and their explanations have only 


4 
\ 


Increaſed the darkneſs,, which they were 


- meant to diſſipate. 
The ancients poſſeſſed not the requiſites 
for minutely inveſtigating the ſcience of na- 
ture; and prone to ſuperſtition, attributed 
every phznomenon, which eluded their in- 
veſtigation, to the influence of a ſupernatural 


phical ſoever it may ſeem, was hardly more 


frequent among poets, than phyſicians ; and 


even Hippocrates, the father and founder of 
the healing art; when he .could find nothing 
* Analogous to the generation of animal heat, 
+ 4ccounted it a myſtery, and beſtowed on 


N it, many attributes of the deity. In treat- 


ing 


. Rowen. - That proceeding, how unphiloſo- 
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ing of that ſubject, he ſays in expreſs terms, 
« what we call heat appears to me to be a 
« ſomething immortal, which underſtands, 
te ſees, hears, and knows every thing preſent 
ce and tꝭ come g. St e % e Nie 
With reſpect to Ariſtotle, who-ar2s. too 
profoundly: verſed in the ſcience of nature to 
attribute the generation of animal heat to a 
ſupernaturat- cauſe, we find nothing in his 
writings, though he ſeems to have given par- 
ticular attention to the Ry daa n be 
ſaid to throw light upon it: 1 5 
Galen, the author e 6 
tention; | ſeemed calculated to promote the 
advancement of natural knowledge. He had 
received from nature an acute and compre. 
henſive genius, which was in every reſpect 
capable of the higheſt cultivation; but ha- 
ving unfortunately applied very early to the 
Peripatetick philoſophy, he imbibed all he 

abſurd tenets, and metaphyſical ſubtilties of 
that ſchool, and in an evil hour introduged 
them into the theory and practice of medi- 
in R relpeQ, to 1 | 


„Ania Was $i Ga 3 v0 
| bn age mn ma EY n © 7s 
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iz Of Animal Heat in general. | 
bet, he tells us, that the diſpute between 
the philoſophers and phyſicians of his time 
was, #© whether it depended on the motion 
4 of the heart and arteries, or whether, as 
© the motion of the heart and arterieg Was 
e jinnatè, heat was not likewiſe innate . 
Both theſe opinions, however, he rejects, and 
attempts a ſolution of the queſtion on his fa- 
vourite ſyſtem; but his leading principles 
dene nunc, —— deductious are of courſe 
inadmiſfible, MT e323; 13:00if 
Upon the Vibem ie is apparent that the 
ancients were entirely in the dark with re- 
gar eo the cauſe of animal heat; and though 
a ſounder philoſophy: has enabled the preſent 
| age to throw off the yoke of ſaperſtition, and to 
explain natural phenomena by natural cauſes, 
yet it-is tw'this day conũdered - by many in- 
genious philoſophers, as a problem never to 
be reſolved. Such an opinion, however, 
ought''to' be entirely reprobated ; for though 
it way; vn alight view, ſeem to atiſe from _. 
that phllofophioal diffidence, which pro- 
motes the inveſtigation of natural cauſes, et 
it is the offipring of ſelf-conceit, and * 


9. 2 f 195 te: 43 r. 100 
ene r 
#ernping £640 Thy viv. xa da c Kurę va £41094) 1 
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Juſtly 
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juſtly be. aſcribed to our conſidering every 
queſtion chat has hitherto eluded our inveſti- 
gation, as above the reach of human nature; 
It is the characteriſtic ot true modeſty; to 
make us examine.every circumſtance with the 
utmoſt care, and to prevent us from deciding 
dogmaically; always thinking that ſame par- 
ticular unknown to us may generate a diffe- 
rent conciuſion, and develope what: is now. 

involved in Joubts nl. Let nat 
rupt the path of age G ed from 
proceeding 5: but let them only make us cau- 
tious in chooſing our footſteps, and in tracing 
out the ſmootheſt tract, MWhatſoevet is good 
can only be obtained by labour; and ſcience, 
ke. vowe, Giſdains: ths e * negli 
Sent N „Don 42 Id lach id : 1 


But to retyrn to my ſubject; Ati not a 


matter of mere ſpeculation, but of real im- 


portante to thaſe, who ugdertake the cure of. 
diſcales, to be- acquainted, with the pheno- 


mena and cauſe of every function peculiar to 
life, it is the indiſpenſable duty of all, who 
profeſs the healing art, to contribute their 
endeavours to throw light on thoſe queſtions. 
relating tg the animal economy, which have 
either been neglected by former phyſiologiſts, 
| 1 0. 


\ 
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e eee n. That 
conſideration, and the high latisfcton at- 
tending the ſtudy of nature, induced me to 
undertake the ſubſequent eſſay on the cauſe 
of animal heat; and though the difficulty of 
the ſubject, and a diffidence of my own _—_ 
| Hities, make me deſpair. of treating it, as 
ſhould wiſh, yet I truſt that an bypotheks 
{halt be advanced, by which a more latisfac- 
tory explanation of many things relating to 
the queſtion will be given, than has hitherto 
been communicated to the public. The diſ: 
courſe is to be W we in 8 en 


manner. 
I. An account ſhall be oem of the pl 


nomena peculiar to animal heat. 
24ly, The opinions which have prevailed 


on that ſubject, ſhall be explained, and the 
reaſons 1 25 which Es me to wept 


| them. * 2157 


And laftly; a new hypotheſis f Wen be 4d 
. ab ee wt various e 


r 


0 e 0 . 
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Ti is ess, e e ty 4 
mitted by the phyſiologiſts of all ages, 
that the animal body is endowed with a 
power of generating its own heat. To ſup- 
port this poſition by many arguments would 
be a treſpaſs on the patience of my readers, | 
it ſhall therefore be aſſumed as a fact, and 
illuſtrated only with ſuch reaſons as throw 
_ on the. fande Ae e to- me! 
If a thouſand Arent Anil. bodies 
heated. to various degrees, be brought toge- 
ther in a place, where there is no poſitive 
cauſe of heat, the heat will immediately be- 
in to flow from the hotter to the colder bo- 
dies, till all become of one temperature, or 
to what ſome philoſophers chooſe to. call an 
equilibrium of heat. But this is by no means 
the caſe with reſpect to animated matter; 
for whatever be the degree of heat peculiar 
to individual animals, they preſerve it ſtable 
and in every temperature, to 
Which 
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which they can be expoſed ; provided that 

tit be not altogether incompatible, with life or 

health. Thus we find that the human body 

is not. only capable in certain circumſtances, 

of ſupporting, without any material change, 

a degree of heat, in which the thermometer 
riſes conſiderably above that of boiling d 

ter e, but likewiſe, that it maintains its uſui 
temperature, whilſt the ſurrounding medium 
18 — une mne 1 2 


1 It is e the ind asien 
Fl receive their heat from the bodies around 
2 them, nor ſaffer, from the influence of exter- 
1 nal circumſtances, any material ' alteration in 
that heat, which is peculiar to their nature. 
This general fact is further elucidated and 
evinced by many late accurate and well au- 
thenticated obſervations, which ſhow that the 

degree of heat in the ſame genus and ſpecies 

of the more perfect animal, continues very 

uniformly the fame, whether they be envi· 

roned by mountains of ſnow, in the neigh- 
dourhood of the pole, or expoſed to a vertical 

fun, in the ſultry regions of the torrid zone,” © 
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The ſtability andutiifermity of animad heat 
under foch 2 diſparity of external dircumffan- 
ces, and ſo vaſt a latitude in the temperature of 
the ambient air, leave no robm to doubt that 
the living: body is furniſhed with a peculiar 
mechaniſm, or powes//of-- generating, ſup- 
porting, and regulating its own ternperatare ; 
and that this is fo adapted to the circumſtances 
ofthe economy, or, perhaps to ſpeak more 
accnrately, ſo immediately dependant upon 
them, chat whatever be the heat of the at- 
hae EN Pa mifh! en 3 
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* res ae of hear bob i. ine ani- 
mals is extremely various; but according to 
the moſt accurate obſervations, all animals 
are one degree at leaſt. warmer that! the or- 
dinary temperature of the element, which 
they inhabit ®, 
POS” „ie . erm. | 
3 C Before 
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gefore the introduction of the Liviiban 
— it was uſual among zoologi 800 
claſs animals according to their 
temperatures. The heat of the human body 
was fixed upon as the ſtandard, and what- 
ever animals either attained to the ſame de- 
gree of heat, or exceeded it, were ſtiled ir, 
and thoſe that came ſhort of it, cold. But 
as theſe terms are merely relative, and the 
qualities denoted by them run into each 
other without any preciſe diſtinguiſhing li- 
mits, it is obvious that this is bath an inaccu- 
rate and unphiloſophical diſtinction, and 
ought therefore to be entirely laid aſide; i: 
The gradations of life, from the warmeſt 
animals, down to perfectly inert matter, are ſo 
extremely ſmall, and ſo difficult to be aſcer- 
tained, that both zoologiſts and. botaniſts 
have been much puzzled.in fixing the boun- 
daries between the higheſt vegetables, anll 


the loweſt animals ®, I formerly, an; * 


* The latent tranſition of nature from one genus to 
another ſeems. to have been early obſerved by philoſo- 
- phers,——Ilowaxov yap A Page: Hin yore nere „ 
- Camvon wa dpfroonmiahas ini run, avrige Coe 4 pures. 
Nature; in many initances, appears to make her tran- 
s ſition by little and little, ſo that in ſome beings it may 
© be doubted, whether they are animal, or nd 

Them, See alſo * de Animal. Part. 
account, 


tend to ſhew that no vegetable, any more 
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account, ſuggeſted e, that where neither the 
habit, appearance, nor manner of produc- 
tion, afford ſufficient marks of diſtinction, 
the circumſtance of temperature alone would 
be found a ſure criterion of the preſence, or 
abſence of a living ptineiple, and enable us 


2 a carp os . 
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Lord wy pins which plainly 


than the moſt inert and Jifeleſs maſſes of mat» 
ter, is poſſeſſed of a degree .of heat beyond 


the temperature of the-ſurrounding medium, 


led me into that opinion ; but of late ſome 


ingenious experiments have been publiſhed 


by Mr. John Hunter, from which it appears, 
that living plants have really a power of re- 
ſiſting for a certain time, the communication 
of cold: or at leaſt they, from ſome latent 
cauſe or other, are conſiderably longer in 
being frozen, than dead vegetables . If this 
by ny e e e 


0 Diſfere, inaug. 1775. 


| 12616 writs lhe dies ee eabati 
eee eee neque in me- 
« dullis recenter apertis.” Nov. org, Scient. - 


I Philoſoph. Tran. vel: LxV. 7 8 
N fall 
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tall to the ground, and conſequently all con- 
cluſions deduced from it: But as che aſcer- 
taining of the limits between the animal and 
vegetable kingdoms is not merely a mat. 
ter of ſpeculation, but of real importance to 
naturaliſts, the ſubject ſhiould he more accu 
rately inveſtigated, and more experiments in- 
ſtituted before the method, — I mes: 
fed, be entirely abandoned. ; 
The next thing to — — 
different gemperatare peculiar to the different 
claſſos of animals. Thoſe animals, which 
are furnidhed with two ventricles of the heart, 
and are under the neceſſity of breathing, as 
eee er IE” . nah the: 
warmeſt. 


The Amphibia are vide of th 
organization renders reſpiration leſs necefiary 
to the ſupport of liſe. They are indeed pro- 
_ vided with lungs ſimilar to thaſe- of man; 
but they continue to have the foramen quale 
open through Jike, which. in him is generally 
ſhut up at birth. They likewiſe differ from 
man in this, that ſome of them have but one 
ventricle of the heart, ſome two, and others 
three * bat Jap dove: all to agroe. 1 


en de Pac, e. 11 
E N ving 


* 3 1 


ing from his blood. 


great meaſure, depends the power which they 
have of ling tor 2 ene dete ander 
water tonne hone; 

———— — W daf a, 
mals is much infteriour to that of man, birds 


andquadrupeds, enen e of hs 


503 10 ois, 


Lese help taking ne — of 


In comparing, the natural capabilities of man 
ae of brutes, he maintains that man may, by 
education and culture continued for many years, be 
transferred almoſt ” intb an animal of another ſpecies, 
inſomuch that though he be undoubtedly by nature a 
terreſtrial animal, yet he may be ſo accuſtomed to the 
water, as to become e rien as a ſeal 
or an otter.” 

Had Lord M been as converſant in anatomy as 
he has ſhewn himſelf in the philoſophy of mind, he cer- 
tainly never would have advanced ſuch a poſition ; for 
all naturaliſts agree, that in the amphibia in general, 
and particularly in the ſeal and otter, the foramen ovale 
never ſhuts up, by which means two thirds of the blood 
paſs, as in the foetus in utero, from the right to the left 
ventricle without going through the pulmonary ſyſtem, 
I have indeed ſeen a fingle inftance of the foramen ovale 
open in the adult, but it is a rare occurrence, and be- 
ſides, were that always the caſe, fill reſpiration would 
be abſolutely neceſſary to man, on account of the noxi- 
ous phlogiſticated matter, which is perpetually ſeparat- 


derable 


7 5 


ving tlie foramen ovale open, and on it, ina 


| 


the learned author of, The origin and progreſs of lan- 
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gerable variations, without any immediate 


injury to their economy. Thus, if we plunge 
a frog into warm water, we ſhall find, on 
introducing a graduated thermometer into its 


| ſtomach, that the temperature has riſen ſeve- 
ral degrees, without ſenſibly affecting the 


health of the animal. In worms, and thoſe 
fiſhes which have but one ventricle of the 


heart, and no lungs, the degree of heat is 


conſiderably leſs than in amphibious animals, 
and is ſtill more variable than in them. Dr. 
Martin has ſhewn that the former are capa- 
ble of great viciſſitudes in that reſpect v. 


- 
14 $33.4 


| 7 he Uniformity in the T, emperature 7 Au- 


mals + is remarkable, _ 


T Hovon we have found a conſiderable 
latitude of temperature in the different claſſes 
of animals, there is a ſurpriſing uniformity 
in that, which is peculiar to each genus and 
ſpecies. The difterence between the ſpecies 
of the fame genus never exceeds a few de- 
grees z and the diſtinction between the owe 


* De Cal, Animal, oft! os 
genus, 
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genus, and the higheſt; is not greater. Thus 
in the whole variety of the bird kind, the 
temperature is nearly one and the ſame ; and 
as far as our experiments go, it is likewiſe 
ſteady in the amphibia. With reſpect to the 
more imperfe& animals, they are) too de- 
pendant on the influence of rwe erg 
ſtances to preſerve uniformity of heat. 

But one of the moſt remarkable properties 
of animal heat, is the uniformity which it is 
obſerved to maintain under the greateſt irreſ 
gularicy of ſize. In all the: variety of qua- 
drupeds, birds, and cetacequs- fiſhes , - we 
find nothing depending on that circumſtance; 
for the thermometer riſes to the ſame degree, 
whether applied to the mouſe or the ele- 
phant, the wren or the oſtridge, the ſea · calf 
or the whale; and we cannot perceive: that 
age, ſize,” or temperament, produce any ma- 
tetial difference. That this at leaſt is the 
caſe mou W to Ng De _ has ren! 


als 


. * 


.. Nature. on this tribe, hath beſiowed | an internal 
gructure in all reſpects agreeing with that of quadry-/ 
peds. Cetaceous fiſh, like land animals, breathe by 
means of lungs, have the power of uttering ſounds, are 
furniſhed with organs of generation, copulate, bring 
forth, and ſuckle their young. | 


dered 
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| from the earlieſt infancy, to extreme old 


to ſubſiſt in a healthy animal; between tlie 
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dered ſufficiently plain, by al courſe: of accu 
rate ſubjects of. both ſexes, 


age : And if we be allowed to reafon from 
analogy, "we muſt ſuppoſe that the ſame uni- 
formity of temperature extends * 
r eee animals. 
Before the days of the immortal i it 
was the general opinion of phy ſiologiſts, that 
certain parts of the body, in particular the 
thoracic viſcera, were of a temperature tupe- 
riour to the other parts of the anima; but ie 
is now, I think, evinced by the maſt agcu- 
rate obſervations, that in every individual. it 
is uniformly the ſame overthe:whole body * j 
and if any difference bas at any time ſeemed 


external and internal parts, it is to be entirely 
attributed to the communication with the 


colder ſurrounding medium, and the difficul- 


ty of preventing the thermometer from 
affected by it. With reſpect to thoſe parts, 


Which are without the courſe of circulation, 


the caticle, hair, nails, &c. they are droge 


Ratio Medendi, 
t Malpighii oper. poſth, 


= i. IS. 2. om os * ia 


Of the Phenomena of dum, Heat. 25 


at 2 mean- degree; betyrixt the heat of the 
animal and the ambient air. $778 


SECT it. 


Connexion kerwirt the State of Refptration, 
tbe Colour, of the Blood, and the Degree cf 


Heat i in Animals. 


From the view. which has been taken of 
the heat of the different tribes of animals, it 
is clear that there ſubfiſts a ſtriking connexion 
betwixt the ſtate of reſpiration, and the de- 
gree of heat peculiar to each. This is ſo uni- 
verſally the caſe, that from the mammalia * 
and birds, down to thoſe animals which ſeem 
almoſt deſtitute of the organs of reſpiration, 
we find the gradations pretty regular of a de- 
ſcending ſcale of heat. Hence we learn that 
not only the degree of heat, and the ſtate of 


® Under the claſs of mammalia, Linzeus has ar- 
ranged thoſe animals whoſe heart has two auricles and 
two ventricles, with a warm red blood; which breathe 
by means of the lungs reciprocally ; whoſe jaws are in- 
cumbent, covered, and furniſhed with teeth: the males 
of which have an external penis, the females à clitoris 
and 1 are e and ſuckle, &c, 


D reſpiration 


* 
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reſpiration are in due proportion to each other, 
but likewiſe that both are intimately connec- 
ted with the more or leſs perfect ſtate of the 
animal. But how imperfect ſoever animals 
may be, the alternate inſpiration and expul- 
ſion of air ſeems ſo neceſſary to their exiſt- 
ence, that if they be not furniſhed with a pul- 
monary ſyſtem, they are with ſomething 
equivalent to it ; for thoſe animals, which 
want both Jungs and moveable ribs, and 
conſequently a dilatable cheſt, have that de- 
ficiency compenſated in ſome degree by an 
analagous mechaniſm, All fiſhes, for in- 
ſtance, except the cetaceous and exanguious, 
have branchiz or gills, which do the office 
ot lungs, receiving and expelling alternately 
the water; by which means the ſame change 
is produced upon the blood, as in the ops 
of the more perfect animals * 

Inſects, in general, have no thomas or diſ- 
tinct cavity for the heart and air veſſels, but 
have the latter diſtributed through the whole 
trunk of the body, by which they commu. 

nicate with the external air through ſeveral 


Galen was aware of the reſpiration of fiſhes by 
their gills, which he ſuppoſed every where perforated, 
and pervious to air and vapour, but not to water. 


ſpiracls 
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ſpiracles; and to theſe are faſtened little 
tracheæ, or wind- pipes, which fend their 
branches to all the muſcles and internal or- 
gans, and ſeem to accompany the blood veſ- 
ſels all over the body, juſt as the ramifications 
of the wind-pipe do in the lungs of the more 
perfect animals. By that wonderful piece of 
mechaniſm, the whole frame of thoſe little 
animals, is alternately inflated and compreſ- 
ſed, and the fame changes induced, as * _ 
were furniſhed with lungs. | 

The only animal exempted from the ne- 
ceſſity of breathing is the fœtus; but it, 
while included in the womb, ſeems to have 
little more than a vegetative life, and is by 


many conſidered as a real Zoophyte growing 
to the mother by the umbilical cord, as plants 
do to the earth by the ſtem; and to be ſure 


it ought rather to be accounted a Cion, or 
branch of the mother, than a diſtin and 


ſeparate animal. With reſpe& to the phyſi- 
cal neceſſity that there is for reſpiration being 


more or leſs perfect, according to the higher 


or lower degree of heat peculiar to the ani- 
mal, it will be more properly conſidered 


| hereafter, 


The difference of temperature in different 


| claſes of animals, is not leſs-intimately con- 


'- 3 Is nected 


need with the craſis and colour of the 
blood, than we have found it to be with the 
Nate of | reſpiration, All the more. perſect 
at. imals, man, birds, and quadrupeds, which 
are known to generate the higheſt degrecs of 
heat, have likewiſe the greateſt proportion of 
red globules in their blood. The amphibi- 
ou kind, which are of an inferiour tempe- 
rature, have a proportional diminution in the 
quantity of red blood. Next to theſe, come 
the -branchial fiſhes , which are ſtill more 
deficient in both ata and ſeemingly in 
an exat᷑t proportion; and laſtly thoſe, which 
are deſtitute of gills, have their fluids as 
tranſparent as the element in which they 
hve, and are nearly of the ſame temperature. 
Of this cold exanguious tribe are many ſpe- 
dies of tag . cockles, cpi, Sc. 


1 


* Dr. Halter, in his Elem. Phyſool, . ſays, 
that in the blood of fiſhes there is neither heat nor den- 
lity, and but little craſſamentum ; and this aſſertion is... 
aer Lewenhoeck's microcope experiments. | 
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Chnmexion beer the State of Cireulation 
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Taz connexion, which ſubliſts between 
che degree of heat, the ſtate of reſpiration, 
and the colour of the vital fluid, ſeems to 
have eſcaped the notice of moſt phyſiologiſts, 
both ancient and modern; but all, who have 
in the leaſt attended to the laws of the ani- 
mal economy, agree in allowing a neceſſary 
connexion betwixt the degree of heat gene- 
rated, and the ſtate of circulation ; and every 
one muſt have obſerved, that, whilſt the mo- 
tion of the circulating maſs continues vigo- 
rous and unjmpaired, the temperature of the 
body ſuffers no change from the influence of 
external circumſtances ; but no ſooner has the 
heart ceaſed to play, and the blood begun to 
ſtagnate in its canals, than the abſence of the 
generating cauſe of heat becomes manifeſt : 
for the now exanimated maſs ſinks to the 
temperature of the bodies around it. 

On whatever principles the production of 


animal heat has been explained, no theoriſt, 
| gg as 
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as far as I know, has queſtioned its relation 
to the ſtate of circulation. We find indeed 


in the annals of phyſic, a few ſeeming devi- 


ations. from the common procedure of na- 

ture; but they are both too few, and too 

E. to affect in any degree the _—_ 
tact. IA 

Ir. De Haen 4. 1 OY attended in a 

particular manner 19 the ſubject of animal 


cat, brings, as unanſwerable objections to 


its WT generation, two caſes, which 


fell within his own obſervation. In the one, 


he found that the temperature of his patient, 
which, during the courſe of an inflammatory 


fever, had never riſen above 103 degrees, 
ſtood at the time he expired, and for two 


minutes after, at 106. From the other it 
appears, that the heat of a perſon, who was 
dying of a lingering e roſe in the 
laſt agony from 100 to 101, and continued 


there ſtationary for two hours; and even at 


the expiration of fifteen hours, had only 
fallen to 88, though the ambient 1 
did not exceed oo. 30 


F _ — 


I am entirely of De Haen's opinion, that 
thoſe caſes are utterly inexplicable on mecha- 
$ 3 1 IP 

Ratio Medendi, vol. I-II. 
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nical principles; but it will, I hope, be ſound, 
that they admit of a ready ſolution, on the theo- 
ry to be hereafter propoſed. In the mean time, 


it may not be improper to obſerve, that the vital 


principle is not always immediately extinguiſh- 
ed on the ceaſing of reſpiration. Breath and 
life have in all ages been conſidered in breath- 
ing animals, as ſynonimous; a notion, which 
has ever been productive of the moſt unhap- 
py conſequences to mankind, and daily, I 
am bold to ſay, ſends thouſands to the grave 
before their time. For we cannot, I think, 
doubt, when we reflect on the many fortu- 
nate recoveries of perſons drowned, and ap- 
pareatly dead, that the living principle may 
remain in the body after reſpiration, and all 
the other vital and natural functions ſet m at 
an end, and be again by N means ex- 
cited into action: . 
It may therefore reaſonably be appoſed, 

that though in the two caſes mentioned by 
De Haen, the organs of reſpiration had 


ceaſed; to act, yet not only the principle of 
lite was ſtill preſent for ſome time, but that 


lt appears from the records of the Humane Saciety, 
that, within this twelvemonth, there have been 250 
drowned perſons brought t: to life | in | Britain, 


even 


«. &# 
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even ſome degree of circulation was carried 
on, and conſequently ſome heat generated. 
Now, if the final cauſe of reſpiration really 
be, as I hope afterwards to ſhew, to carry off 
the phlogiſton extricated in the courſe of cir- 
culation, and to temper the heat generated 
in the ſyſtem, it plainly follows, that if any 
heat be ftill produced after this function 
ceaſes, that heat muſt accumulate in the bo- 
dy, and of courſe raiſe, or at leaſt keep up 
its temperature. This, however, is a thing 
which will ſeldom obtain, as the ſame atony 
and debility that put a ſtop to the action of 
the organs of reſpiration, muſt, in a ſhort time, 
entirely aboliſh the propelling power of how 
heart and arteries, 
It is, however, highly probable that the 
circulation is not ſtopt ſo early as is generally 
imagined, There are two kinds of motion 
peculiar to the heart and arterial fyſtem ; the 
one is by anatomiſts termed Hſtaltic motion, 
and conſiſts fimply of an alternate contrac- 
tion and dilatation ; the other they ſtile 
fubſultory motion, as caubng; the beating of 
the heart, and contributing to the 2 
of the arteries. 
This ſubſultory motion is ſynchronous with 
\.... \yſtaltic, and unleſs the ſtrength be nearly 
exhauſted, 


oC Am mSSUUuspT 59'S hy Ru rrA 


» 00 wav 0 


> mon, 0 03 


WW WS 


Of the Phenomena of Animal Heat. 33 


exhauſted, is conſtantly, performed; but when 
the vital powers are much debilitated and 
ſunk, then it becomes imperceptible, and 


there is nothing but the ſyſtaltic motion, 


which however is ſufficient to empty the ven- 
tricles of the Hart. and . on life lor 
ſome time. 

M. de 1 * has, 1 thisk, very A 
demonſtrated, that the pulſation of the arte- 
ries does not depend, as is generally taught 
and believed, on their fample. dilatation from 
the ſudden increaſe of lateral preſſure againſt 
their yielding elaſtic coats, produced by the 
ſucceſſive columns of blood which are forced 
into them bythe vis 4 ter go, but that the ſub- 
ſultory motion is communicated by the heart 
to the whole arterial ſyſtem, by which a diſ- 
placing, or locomotion, of the whole canal 
is ſuper - induced; and indeed we can hardly 
doubt, that to that circumſtance is chiefly 
owing the phænomenon of arterial pulſation; 
for ſo exactly does it correſpond with the 


beating of the heart, that when that center 
of motion acts with ſtrength and vigour, the 


pulſation of the artery is ſtrong; but when 


it flags, and the vital powers are brought 


+. 7. Mem, de I Acad. des Sciences 1765. | 
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very low; the blood glides languidly along, 
and there is as little pulfation in the arterial; 
as in the venous ſyſtem. E: 008 

This account of the motion of the haart 
and arteries throws no inconſiderablè light on 
the caſe of perſons, who, after remaining for 
ſome time to all appearance dead, have 
revived ; for as it is highly improbable that life 
ſhould jubfiſt without ſome degree of cireu- 
lation, it is abſurd to ſwppaſe that, after an 
entire ceſſation of motion in the ſanguiferous 
ſyſtem, and the well-known changes in the 
vital fluid conſequent on ſtagnation, the cir- 
culatiom ſhould be again reſtored. In the 
caſes therefore of fainting and drowing, it 
is to be preſumed that the blood is carried 
through the circulatory veſſels by the ſyſtaltio 
motion alone, and that the ſubſultory. is 200 
the time, entirely ſuſpended; | 5 

Is it not our duty then to be extretiely 

cautious in pronouncing people irrecoverably 
loſt, and interring them before evident ſymp- 
toms of putrefaction have taken place; ſince 
it appears that life may remain after the ſub- 
ſultory motion of the heart hath ceaſed; the 
pulſation of the arteries become impetcepti- 
ble, and every indication of breathing diſap- 


peared, If the chief and ultimate uſe of re- 


ſpiration 
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ſpiration in the animal economy be, as has 
been already hinted, to carry off the phlo- 
giſton extricated from the blood in the courſe 
of circulation, it is obvious, that, when the acti- 
on of the heart and arteries is very weak and 
languid, little or no phlogiſton will be ſepa- 
rated, and therefore a conſtant renewal of 
air will, for the time, become in a great 
meaſure unneceſſary: And we are confirmed 
in thinking ſo, by obſerving that thoſe ani- 
mals, whoſe circulation is moſt fluggiſh, and 
ſloweſt; and can, for a given time, with the | 
leaſt inconvenience, deſiſt from breathing, 
Upon the whole, I am inclined to. think, 
that though ſome deviations may have occur- 
red from the ſtrict connexion, which is known 
to ſubſiſt between the ſtate of circulation 
and the degret of heat in animals, they are 
by no means ſo frequent as phyſicians, for 
want of accuracy in their tbermometrical 
obſetvations have | imagined, Sydenbam re- 
Cites ſeveral hyſterical caſes, in ſome of which 
a ſtrong full pulſe was attended with an unu- 
tual degree of cold, whilſt in others, A ſmall 
and languid pulſe was accompanied with a 
Pretornatural heat: But as it docs not appear 
irom the context, that he had meaſured thoſe 
tels! E 2 different 
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different degrees of heat by the thermome- 


ter, it is natural to ſuppoſe that he had en- 
tirely relied on the feelings of the patient, 
which, it is well known, are in this reſpect 


extremely fallacious: For it is not uncommon 


to hear a patient complain of kn intolerable 
ſenſation of cold, while the temperature of 
the body is actually ſeveral rus Hg above _ 


natural ſtandard. 


It will however be in general found, thai 
an increaſed action of the ſanguiferous ſyſtem 
is attended with a proportionably increaſed 
degree of heat; and a languid or interrupted 
circulation, with a diminution of the natural 
temperature. Thus in all topical inflamma- 
tions, where the velocity of the blood 1s con- 
ſiderably augmented, on applying the ther- 
mometer, it uniformly indicates an iner 


of heat in the part; and on the contrary, 
when the circulation is partially interrupted 
in any organ, or member of the body, there, 


a very ſenſible diminution of the uſual heat 
will be obſerved; and if a gangrene has ſu- 
pervened, none at all will be generated. 

Such is the hiſtory of animal heat; and 
in this, as in all phyſiological queſtions, an 


accurate account of the phænomena is the 
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ſatisfactory explanations, and ſound theories, 
can be eſtabliſhed, We ſhall therefore avail 
the conſideration of the forego- 
ing facts to eſtimate the degree of credit, 
which ought to be given to the hypotheſes 
hitherto advanced by phyſiologiſts on the ſub- 
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8 there is perhaps no ſubject in phyſio- 
logy, and very few in philoſophy in 
general, that has more engaged the attention 
of the ingenious than that of animal heat, 
ſo no one has given birth to a greater num- 
ber of h ypotheſes. 
Philoſophy is the proper object of the in- 
tellect, and theorizing, if I may be allowed 
the © expreſſion, the favourite proceſs of the 
human mind; but, as we are able only to 
perceive a few links of the chain of cauſes 
and effects, by which the various phænomena 
of nature are joined together, we are fre- 
- quently miſled in our inveſtigations, by attri- 
buting too great an influence to thoſe powers 
which preſent themſclves moſt obviouſly to 
our ſenſes; and therefore theories, according 
to the different points of view, in which they 


ſtrike the fancy, are alternately received and 
rejected. 


Nothing 
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A View of "the'provailing Opinions &c. 39 
Nothing, however, in my opinion, has been 
6 ehen dy detrĩimental to the progreſs-of 
ſcienct; ad blind and ſervile deference to 
authorities; for how many even palpable ab- 
ſurdities have; through a long ſeries of years, 
paſſed turichallenged,” under the venerable 
ſanction of ſome great name; but to the 
honour of the preſent age, that bar to the 
advancement of knowledge is, in a great 
meaſure, removed from the Tools ol ſcience , 
and that truly philoſophic ſcepticiſm, | which 
is always attended by a free and active ſpirit 
of enquiry ſeems now to actuate the minds 
of men in all” literary purſuits. It is with 
particular ſatisfaction that we obſerve, that, 
in all phyſical and medical diſquiſitions, men 
in general Have learned to appeal to Common 
ſenſe and experience, and to regard the ipfe 
dixit of no man farther than his doctrine is 
countenanced oy facts, and Hupported by found 
reaſoning. ef # 
To enter into 'a minute detail of all the 
various opinions, which have been offered on 
the cauſe of animal heat, would far exceed 
the limits of the preſent plan; and therefore 
both on this account, and becauſe moſt of 
them may be referred to one or other of the 
0 general cauſes of heat, MIxTURE, FER - 
MENTATION, 


40 A View of the prevailing Opinions 
MENTATION, and MECHANICAL, MEANS, 
we ſhall. conſider them under thoſe three 
heads 3 and by ſo doing, we ſhall. not only 
be enabled to bring them into a more narrow 
compaſs, and perhaps a clearer point of view, 
but ſhall likewiſe avoid many uſeleſs repeti- 
tions, and tedious quotations. 0 DH 
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Wurx Chymical Phyloſophy came into 
vogue, and prevailed in the theory, as well 
as the practice of medicine, almoſt. every 
operation in the animal machine was attribu- 
ted to the effect of ferment, or mixture. 
We need not be at all ſurprized that men, 
who never extended their views beyond the 
bounds of their laboratory, nor ever cons. 
templated the other. parts of nature, became 
poſſeſſed of the idea of the univerſal applica- 
tion of thoſe energies, which they had per- 
ceived in ſuch a variety of inſtances; and 
that imagining their influence unbounded, they 
attempted to explain even the functions pe- 
culiar to life, on principles deduced from 
their 


a 8 . 4 f BOP TWHES: = 


\ 


mn the Cauſe of dum Heat, 41 


DE AWARD With, e Me. ſet of 
cauſes, | . 

7T has. from gbſerying that on mixing © cer- 
tai bodies far. below the temperature of the 
buman. body, a degree of heat ſometimes 
riſing to actual inflammation Was produced, | 
they, without, further inveſtigation, pro- 
nounced mixture the ſole cauſe of animal 
heat. Various, however, were the opinions 
not only reſpecting the place where the mix- 
ture happened, but alſo concerning. the nature 
of the fluids of which it conſiſted. 

Vanbelmo! „ Sylvigs, and ſeveral other chy- 
mico-phyſiologilts, ſuppoſed that the mixture 
took. place in the inteſtinal tube, and aſcribed it 
to an efferveſcence betwixt the pancreatic juice 
and the bile. Others diſcovered acids in one 
Place, and alkalis in another; ; -but the general 
opinion for near two centuries was, that aceſ- 
cent fluids taken in, meeting with alkaline 
already prepared in different parts of the 
body, gave riſe to the degree of heat peculiar 
to animals. But all who are in the leaſt con- 
verſant with the laws of the animal econo- 


my, need not be told that theſe opinions 


are mere conjectures, founded on facts gra- 


tuitouſly aſſumed. No experiments have 


ſhewn either an aceſcency or alkaleſcency in 
F the 
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the bile, that is ſufficient to unite: with the 
other animal juices, and generate the heat of 
animals. But to avoid much diſcuſſion, did 
we even admit the ſuppoſition” in its full ex- 
tent, fill it would be found by no means ſuf- 
ficient to account for the ſtability of animal 
heat in different climates and ſeaſons; its 
equability all over the body when in health; 
its partial increaſe in topical iriflanimations, 
or hardly indeed for any one e- 
attending 1 its production. 3 

Since then it appears that the fluids ſuppo- 
ſed to be mixed, the place in which the 
mixture is made, and every ether circum- 
ſtance pertaining to it, are equally ill aſcer- 
tained, and ſeconded by analogy, none will, 
we preſume, heſitate to reject every hypothe- 
ſis of the cauſe of animal heat, founded o on 
the effects of mixture, 
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Of FezrRMENTATION,.. 


- Warn a more accurate and extenſive 
knowledge of the various operations of nature 
had convinced phyſiologiſts of the abſurdity 


of explaining the vital functions of animals, 


and the ſeveral changes, which take place in 
the living body, by the effects of chymical 


mixture, moſt opinions, which had ſprung 


from that ſource, were exploded from the 
ſchools of medicine, and amongſt others that, 
which ſappoſed animal heat to ariſe from the 
efferveſcence of fluids of oppoſite natures ta- 
ken into the ſtomach, or generated in the 
economy. In its ſtead, fermentation- was 
ſubſtitated. All had obſerved that fermen- 
tation was generally accompanied by the pro- 
duction of heat, and few were ignorant that, 
that identical proceſs, or one extremely ana- 


logous to it, was conſtantly going forward in 


living animals; and it was not without ſome 
appearance of truth, that phyſiologiſts attri- 
buted animal heat to that cauſe. 


F2 Formerly 


44 A View of the prevailing Opinions 
Formerly there were various modifications 
of this opinion ; but of late it has been chietly 
confined to one ſpecies of fermentation, the 
putrefaCtive, which to be ſure is mere con- 
ſentaneous to experience and ſound philoſo- 
hy. For although animal ſubſtances be ei- 
ther directly or indirectly produced from ve- 
getables, as all animals live on vegetables, or 
on animals that have lived on them; and 
though they may be ultimately reſolved into 
the ſame prineiples , *, yet they are certainly 
combined in a different manner; for they 
conſtitute compounds, che nature of which 
are eſſentially different; and of the three 
ſtages of fermentation, the vinous, acetous 
and putrid, the laſt is the only one, to Which 
they ſhow a tendency. Milk, indeed, tends 
to the acetous, and even to the vinous fer. 
mentation; but as it can hardly be conſidered 
as perfectly animalized, it ought. not to be 
reckoned an TR to * n 1 


0 When a animal mt An th ciel ue, 
lyſis, it is ultimately reſolyed into water, earth, airy 
and phlogiſton. As to the faline matter, it plainly awes its 
origin to a combination of phlogiſton with earth, or 
ſome of the other conſtituents. The reſolution'vf ve- 
getable ſubſtances is in no Thape eſſentially diferent froth 
that of — matter. | 
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tion: And though it be readily admitted that 
animal 'tmatter is extremely apt to putrify; and 
that even ih the living body. there is a con- 
ſtant tendency to that process, yet it may, I 
think, be fhewn, that the degree to which it 
takes place, can have little or no ſhare in ge- 
nerating the heat of animals. In the firſt 
place, the effect of any degree of putrefac- 
tion in producing heat, is to this day ſo ill 
aſcertained, that with many ingenious philo- 
ſophets it is abſolutely a problem, whether 
or not animal ſubſtances, during the putre« 
factive proceſs do ever generate heat; and 
many circumſtances tend to ſhow that their 
doubts are not without foundation. Neither 
M. Beaume *, nor Doctor Pearſon , who 
made ſeveral accurate experiments, with a 
view to aſcertain this diſputed point, could, 
by the affiftance of the moſt ſenſible thermo. 
meters, diſcover the leaft difference betwixt 
the temperature of the putrefying mixtares, 
and the ſurrounding medium; and were the 
putrefaction of animal ſubſtances really at- 
tended by the generation of heat, we ſhould 
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expect 
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expect to find it greater in proportion to the 
bulk of the putrefying maſs. That however 
is not the, caſe, for it has been often found 


that the largeſt maſſes of animal matter, ſuch 
as the carcaſs of a large whale laid out and 
expoſed to the air in ſo putrid a-condition, as 

to affect all the neighbourhood with an into- 


lerable ſtench, did not to the perſons hands 


ling it feel ſenſibly hotter than the circume 
ambient air. 

It may therefore, I apprehend, N con- 
cluded, that if any degree of heat be really 
generated by the putrefaction of animal ſub- 
ſtances, it is extremely inconſiderable. This 
inference is not only ſupported by the facts 
above-mentioned, but in ſome meaſure coun- 
tenanced by animal matter not going through 
the vinous and acetous ſtages of fermentation, 
which moſt vegetables do before they reach 
the putrefactive; and though it be readily 
admitted, that the fermentation of. vegetables 
is accompanied by the generation of heat, 
yet I cannot agree with the general opinion 


. naturaliſts, that it is the effect of the pu- 


trefactive ſtage. It is well known to farmers 
that if a maſs of green hay be put up when 


very moiſt, ſuch. a degree of heat will be 


produced, as even to break out into ac- 
. tual 


ren BSK. n 


do indeed in ſome writers meet with accounts 
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tual flame; and that circumſtance has been 
univerſally attributed to the proceſs of putre- 
faction going on in the maſs; but from my 
vwn obſervation, and the moſt accurate ac- 
counts that 1 have been able to collect re- 
ſpecting that fact, it appears to me ſufficient- 
ly manifeſt, that it is only while the vegeta- 
ble is undergoing the vinous and acetous 
ſtages of fermentation, that any heat is ge- 
nerated; and that as the ce ig 
ces, che heat gradually decreaſes. 

This is further illuſtrated and confined "oY 
the phænomena attending the proceſs of ma- 
king malt. I would not om poſitively 
aſſert that there are no-exceptions to this ge- 
neral propoſition; but I am perſuaded they 
are few; at leaſt, I have not yet heard of 
any that were not extremely ambiguous, or 
which might not be accounted. Tor-« on 8 
rent principle. 

Now, as it delay evidently appears FOR 


heat only accompanies the two firſt ſtages of 


fermentation, and that animal ſubſtances are 
incapable of undergoing either of theſe, it is 


not without "reaſon, that we - queſtion whe- 


ther the putrefaction of ſuch ſubſtances does, 
on any occaſion whatever, excite heat. We 
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of heat produced by putretying. heaps | of 
boots, horns, and hides of animals; but 
there is, I chink, reaſon to ſuſpect that on 
thoſe occaſions there have been ſome other 


matters preſent, capable of undergoing the 


vinous and acetous fermentations. Be that, 
however, as-it will, we have no juſt grounds 
for aſcribing the generation of animal heat to 
tho efctts:of. putrefactian, 12 No experimen · 
taliſt, as far. as I ko, has ever attempteg 
to ſhow that in the preciſe degtee towards 
putrefaction, which takes place in living æni- 
mals, any heat ig produced; dor it apy 
peur from facts and experiments, that. there 
is an ihr rraſe of heat correſponding to the in- 
cveaſe af putrefuction. In the molt ꝓutrid Rate 
of the fluids, asin the ſea: ſcurvy, the tempera- 
ture at the body. is ſeldaom obſerved 30 xiſe 
above the natural ſtandard; and in the caſe 
of a topical mortification, inſtead of an in- 
creaſe, there conſtantly obtains a, diminution 
of heat; for the gangrengus part always lanks 
to a mean degree between che temperature of 
the bady, and the circumambient ait. l 
It was formerly mentioned that the heat of 
animals is cloſely connected with the motion 
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that motion, inſtead, of promoting the putreſ- 
cent tendency of the fluids, is one of the 
maſt powerful, means employed by nature to 
check its too rapid progreſs, and obviate the 
_ deleterious conſequenees, that would inevita- 
bly ariſe ta the economy from it *, Some 
| phyfiologiſts from obſerving that putrid and 
diſtempers are generally accompa- 
nied with a quickened circulation, and an 
unuſual degree of heat, have not only attri- 
buted the heat, but likewiſe the preternatu- 
ral tendency to putrefaction, to the accele- 
rated motion of the blood; but as heat, on 
every other occaſion, is certainly known to 
be, of all ſecondary cauſes, the chief pro- 
moter, both in animal and vegetable ſubſtan- 
ces, of. the putrefactive fermentation, it is 
more conſiſtent with juſt reaſoning and ana- 
logy, to conſider the increaſe of heat in pu- 
trid fevers rather as a cauſe, than an effe& of 
the putrefaction going forward in the body. 
But an argument, which at once overturns 
every thing that can be advanced in favour of 


END 


gf 9358 Conſtat certa et firma experientia humida quiete 
n ad putredinem maxime diſponi, motu vero continuo, 
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the generation of animal heat on the pri 

ples of putrefaction, is, that heat is Aue 
ai in a living, than in 4 dead 
body *; and no rational phyſiologiſt Will 
deny that the putrid fermentation is going 
forward more rapidly in the latter, than in 
the former. From theſe few of the many 
arguments, which might have been brought 
againſt aſcribing the heat of animals to the 
effect of mixture or fermentation, we have 
the juſteſt grounds for deſerting both hypo- 
theſes, and ſhall therefore, without dwelling 
longer upon them, proceed to our Ar 2 3 
neral head of opinions. 5 
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1 Si 5 putredine calle naſceretir cadaver cileret 
poſt mortem, et febri torqueretur ardentius | atone 
ene Helmont. de Feb. e I. , 1114809 210859 
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animal heat, we had occaſion to obſerve that 
thete ſubſiſts a very intimate and ſtriking re- 
lation betwixt it, and the ſtate of circulation; 


and we then ſhewed that, whilſt the action 


of the heart and arteries continues unimpair- 
ed, the natural temperature continues ſtable 
and unchanged; but that, according as the 
circulation is more or leſs vigorous, the heat 
of the body is encreaſed or diminiſhed; and 
that, when a final ſtop. is. put to the action of 
the heart and arteries, it is influenced by the 
ſurrounding medium, in the ſame manner as 
the moſt unorganized mals of matter. 
Fxom this view. of things, phyſiologiſts 
bans not only been led to conſider the circu- 
lation of the blood and the temperature of 
the body as very cloſely connected with each 


other, but have even attributed the genera- 
tion of heat in animals to the mere mecha- 


G 2 nical 


ee I - —— ——-- 5 : "EE 
* n > ac Sf — : — % he SK. 


— — —— — 
— 


52 A Vie of the prevatling Opinions 

nical effects of motion. This has been the 

favourite opinion of phyſicians ever ſince the 

complete diſcovery of the circulation by the 
celebrated Harvey, and is no doubt coun» 

tenanced by many ſpecious arguments. 80 

numerous and ſtriking are the facts, which 

evince the connection betwixt the ſtate of 

motion in the ſanguiferous ſyſtem, and the 

temperature of the body, that no doubt can 

de juſtly entertained of the latter being, in a 

manner, at leaſt, the effect of the 
former; but on what principles the fact 
is to de explained, we are now to en- 
quire. 

All phyſiologiſts, as for as I know, ade, 
that the power of generating heat is not per- 
fect until the circulation of the blood be fully 
eftabliſhed all over the body. The circum- 
ftances which attend the incubation of eggs, 
ſet this matter in the cleareſt light; fince it 
is now found that artificial warmth, in what- 
ever manner it be excited, anſwers equally with 
that of the parent bird in hatching fecun- 

dated eggs, it is apparent that her brooding 
over them can have no other effect, than to 
ſupport that genial degree of heat, which 
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The cbntinual application ef heat 4 the 

beginning öfe mcubation: And during the 

e pit of the" prbergz, is ſo ' abſolutely 
ry,” 


chat if it be i a cold ſeaſon with- 
drawn only fot à ſhort titue, the eggs 
acquire the temperature "i the ſurrounding 
medium; and F the rudiments of the chick 
have "already received the principle 'of life, 
it never falls to be irretrie vably loſt; dut, at 
a more advanced period, -whih all the parts 
of the animal are completely formed, and 
the circulation fully eſtabliſhed, the dam 
may relinquiſh 'the * 'neft; for a longer time 
than would be ſafe for the chick, did all its 
heat depeiſd upon her; nay, ſhe may even, 
at that period „ ſtay from it without the heat 
of the eggs being diminiſhed in any mate- 
rial manner, long enough for eggs, which 
have within them no principle of heat, to 
fink to the temperature of the circumambient 


air, . een i 
=! SE "TY 11101 , 1772. 3 1 this, : af 70 
The art of 3 
bas been Jong, praQiſed ip Egypt, and has of late been 
reduced to certain principles by the ingenious M. Reau- 
Kur. The degree of heat neceſſary is nearly that of the 
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5 A View of the-prevailing Opimons 
ax This fad may be explained in the ſubſe- 
quent manner: The moſt accurate micro: 
ſcopical opſervations ſhow, that in, the en- 
brio of every ſpecies, of animal,; the action f 
the hegrt takes place. very early; but the Fe 
culation, it is obvious, can only, extend, y 
gradually, and in proportion to. the progreſ- 
live evolution of the rudiments, and the more 
complete formation of- the parts. Hence, it 
of ; courſe: follows, that as the generation of 
heat i in animals is. connęcted with the Nate 
of motion in the. yaſeular ſyſtem, that myſt 
be imperfeR, till this be fully eſtabliſhed ; and 
that, is. the reaſon, why the chick in ovo ge- 
nerates very little heat till towards the end of 
incubation, when, being complete in all its 
parts, it generates heat ſufficient to enable it 
to ſupport, with impunity, a degree of cold, 
which, at an earlier period, would e 
bly have proved fatal. 
| Theſe fads tend to ſhew. that 1 no anima 
whatever, before it be perfect. in all its. parts 
and functions generates heat enough to ſup- 
port life; and that the circulation hath no 


5 ſooner taken places han the temperature fal 


or © riſes,” a as various cauſes dimi- 
niſh, or increaſe; the motion of the blood 
Of this we have "the cleareſt crea, 5 


id 
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caſe of dying perſons. When the powers 


of Ufe are brought very low, and vigour is 
wanted to carry on the uſual functions, the 
finguiferous ſyſtem becomes affected in the 
moſt ſenſible manner, and its action being no 
longer able to propel the blood to thoſe parts 
of the machine which are moſt diſtant from 
the heart, their temperature begins to fink, 
and continues to diminiſh in proportion as 
the circulation declines; and hence it is uſual 
to judge of the approach of death by the 
coldneſs of the extremities; for; notwith- 
ſtanding one or two ſeeming exceptions, it is 
an incontrovertible truth, that exanimated 
bodies loſe heat in a given temperature of 
air, as faſt as any unorganized maſſes of mat- 
ter, of the ſame bulk, of a texture any way 
fimilar,” and heated to the ſame degree. 
But notwithſtanding every thing that phy- 
fiologiſts have advanced, with reſpect to the 
connexion between the action of the circu- 
Htory ſyſtem; and the heat of animals, they 
have, I am afraid, made but a very inconſi- 
derable progreſs towards the ſolution of the 
problem, as the main difficulty reſts on ex- 
plaining how the circulation can effect the 


generation of heat. This queſtion, to thoſe 


phyſiologiſts, who are perſuaded that every 
phænomenon 
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56 4 View of the prevailing ben, 
enon of the animal economy is ex- 


plicable on mechanical principles, has always 


appeared extremely ſimple, and almoſt ca- 
pable of mathematical demonſtration 3. far, 

as the higheſt degrees of heat are, generible 
in certain bodies in conſequence of friction, 


and as the human body is a machine cone 


ſtructed on the moſt exact mechanical prin- 
ciples, the production of heat ſeemed no 
more than a neceſſary effect of the motion .of 
the circulating maſs; and. accordingly two 
different hypotheſes were confidently advan, 
ced, and, have now, for a e eme 
in the Gods af phyſic. 

The firſt, ſuppoſes mimi e depend 
on the reciprocal action of the fluids upon 
the ſolids; that is, of the blood upon the i in- 
ternal ſurface of the containing veſſelß: 1 


| this is ſtill the more general opinion. 


The ſecond hypotheſis conſiders the. . 
of animals as excited by the continual agita- 
tion and unremitting inteſtine motion of the 
inſenſible particles of the blood upon one 
another. How. far bath, or either of thoſe 
opinions, are in fact eſtabliſhed, we are now 
to inquire; and firſt, of the ome action 
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There are many arguments deducible even 
from, the known laws, of mechanics, that 
tend to iavalidate. the ſuppoſition which at- 
tributes the heat of animals to the attrition, 
of the, blood againſt the fides of the canals 
through which it glides. In the firſt place, 
it will, I ſuſpect, be extremely difficult, not 
to fay, unpoſlible, to. bring a ingle, fatisfac- 
tory inſtance, in which. heat is generated in 
conlequence of folid and fluid bodies acting 
upon each other. Two inſtances however 
arg; inſiſted upon by the favourers of the a- 
boye hypotheſis; the one is, that bodies 
moving rapidly through the air acquire heat; 
for a cannon- bullet is found hot after paſling 
through a long tract of air. The other is, 
that quick-ſilver ſtrongly agitated in a glaſs 
phial generates heat. 

Thoſe facts, how ſtrong ſever they at firſt 


appear, will be found on diſcuſſion to have very 


little weight. But ſo ardently do we deſire 
to find every phenomenon in nature analo- 
gous to ſome other, with which we are. al- 
ready acquainted, and explicable on the ſame 
Principles, that we often fancy reſemblances 


between things, where. in truth there are 


none, or none of any conſequence. Analogi- 
eal arguments preſent themſelves readily to a 
H warm 
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warm imagination, whilſt thoſe more deci- 
five ones, arifing from experiment, can only 
be obtained by labour and painful attention. 
Hence, even in the moſt important ſubjects, 
the former are ſubſtituted in the place of the 
latter, and after the moſt beautiful ſyſtem 
has been formed, ſome paltry little fact is 
diſcovered, which ovetthrows the whole, au 
turns its fabricator into ridicule, - 
The firſt inſtance given, in ſupport of the 
abovementioned opinion, is futile ; for though 
a cannon bullet be found hot after paſſing 
through a long tract of air, yet it doth not 
abſolutely follow, that the heat acquired is 
the effect of the motion; on the © contrary, 
there is reaſon to fuſpect a deception in the 
caſe; for it is certainly much more probable 
that the heat found in the ball is excited by 
the exploſion of the gun-powder, and the 
violent attrition betwixt it and the rough ſides 
of the cannon, than by its gentle friction on 
the yielding air. No certain concluſions at 
leaſt can be drawn, nor any ſtreſs laid upon 
the fact, till ſuch time as, by intercepting the 
ball at the mouth of the cannon, we have 
aſcertained the degree of heat with which it 
is then traug he, * 
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. But {ative the fa, i in the very manner 
in which the mechanical phy ſiologiſts re- 
preſent it, ſtill I maintain that nothing can 
be deduced with reſpect to the generation of 
heat in animals. In no one point of view is 
the analogy juſt. Where is the compariſon 
between the elaſticity of the air and that of 
the blood ? Betyeen the folid hardneſs of the 
bullet, and, the ſoft texture of the ſanguife- 
rous canals? In a word, " what approaching 

| int, or compariſon, of velocity is there be- 
tween, the circulation of the blood and the 


| rapid fight of a cannon- ball through the 


aix ? . It. may t therefore be preſumed, that in 
found reaſoning, 3 all arguments deduced from 
4 7 ſource. will weigh extremely little. 

t us now enquire into the merits of the 
+ econd inſtance, the generation of heat by 
the conquaſſation of quick-ſilver. It is aſ- 
ſerted, and with ſome foundation, that a cer· 
115 degree, of heat may be produced by. a 

ong and long- continued agitation of quick- 
Aer A hard. veſſel ; but i is not the diffe- 
rence. etween the denſity of the particles of 
the mercury, arid.the fluidity of thoſe of the 
_blood manifeſtly too great to admit of any 
analdgy ? However, we have no need to reſt 


af objeRions on 5 ground, for it is an 
H 2 incon- 
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1 fact, that no heat is gene- 
rated in that way, unleſs a portion of the 
mercury be previouſly tranſmuted into a Ury 
powder : and hence it is allowable to infer, 
that the heat produced is the effect of the 
friction of this powder againſt the ſides of 
the containing veſſel. 

Various other arguments more mtc diste- 
ly ariſing from the obvious ſtructure of the 
animal machine diſcountenance the mechani- 
cal production of its heat. The effect of 
attrition, according to the common laws 'of 
mechanicks, 1s known to. be in proportion to 
the roughneſs of. the ſurfaces; for the im- 
pulſes muſt neceſſarily bei in an exact ratio with 
the prominences, that is the reſiſtance; but 
the fluids of animals, and-the infide of their 
circulatory canals, being as ſmooth as we tin 
poſſibly i imagine any thing to be, What ſha- 
dow of probability i is there of animal heat 
being generated i in that way? Beſides, it does 
not even eſcape the cuteſt mechanick, that 
the heat, which rough ſurfaces by rubbing 
againſt each other Would produce, may be 
effectually preyented by the interpoſition of 
fluid bodies; which, being fappoſed ſpherl- 
cal, may be accounted ſo many friftion 
wheels: at leaſt, by filling up the —— | 
ties, 
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ties, they malte the ſurfaces-fmooth, and ob- 
viate the mechanical production of heat. 
The eaſe is ſtricly fimilar, with reſpe to 

the eirculat ing fluids of animals which are 
not eben in dontod with dry ſolids; for from 
the internal ſurface of the veſſels is perpetu- 
ally exuding a mucuous liquor, with which 


they of conſequence are always lubricated: 
and henee the movement of the blood! thro 


its als h properly ub mote than the adtion 
of fluid upon fluid. To 337 er 1103 
Inf 


ammal heat, we have found it involved in 


doubts and diiculties nat to be refolved:; 


and yet many! hypotheſes) equally; doubtful 
in theiniſelves;-have' been reared oon the ame 


infirm baſis! Several iplytfologiſts aſſuming 


it- as a fat; that1the 2heatrof animals is ge- 
nerated by: mechanical means, rte gnly: oa 


lieitous to explain fame of its principal 
nomena; and in particular its equality. "al 


over the bodyz but thaugh they ſeem, all to 
have believed icht the heat of mals: is pro- 


duced onty in one part of the living ſyſtem, 
and ſupport 
hardly two f them, of any;emmence; have 
agrerd with reſpect to the! particular organs 


dan the teſt by communication, 


Or 


1 point of view in Shieh; we hai 
cotteinphitel}/ the mechanical (generation of 
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er place, in- which ett acer effect i * 


brought about. 
0 Dr. Douglaſs, and his . Kr +l 


that heat is ſolely generated in the ſmaller 


capillary veſſels, becauſe, ſays he, ſingle glo- 
bules only can paſs thro' thoſe at one and the 
ſame time; and therefore muſt be- applied 
with larger ſurfaces. We are likewiſe told, 
chat ih thoſe veſſels the fluids are reduced to 
ſuch ſmall. particles, that the attxition may be 
conſidered as that of ſolids acting upon ſo- 
Aide; but! WA van: perecive g iu r for 


accounting ont f thoſe red globule A= ſolid 


body: cforj grabting} thatridivilion.,tÞ herthe 
minuteſt poſſiblethoſe: particles, are hy. 
medns batoinsg bur, arhoſtill maſſes of, fluid, 
And ofl ſo doſtanck flexible a texture too, that 
Mey are ofiiverfally'allowedeto be capable of 
-elpnpation; nl dono ole pbint hereſcxe is this 
-þy flothefis ſupꝑorted by facts por analogy 

A nbcher i ic of phyfmagiſts, from ,can- 


Itemplating the ſtobnefß of the] circulation in 


*b- capillary:\veflgls;}c:mairitain!; that anima! 
heat is generated in the. parts of the ma- 
chine, where the !welocity:.of:; the blogd is 

moſt conſiderable, and therefore. in the lungs, 
and in that organ only. u- There is, I. muſt 
a confeſs, A for fancying the 
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luags the ſource, or elaboratory of animal 
heat; fince-in them the circulation is unqueſ- 


tionably more rapid than in any other part of 


the vital frame; for it is a matter of demon- 
ſtration, that if the ſame quantity of blood 
is tranſmitted through the lungs that circu- 
lates through the other parts of the body in 


the ſame period of time, which is indiſputa- 


bly the caſe, the velocity muſt be as much 


greater, as the capacity of the pulmonary is 


leſs than the capacity of the aortick ſyſtem. 
But, as it is certainly known that the quan- 
tity of blood thrown out from each ventride 
of the heart is nearly the ſame, and that the 
ſyſtaltic motion of each is equally: frequent, 
and that the ſum of the branches of the pul- 
monary artery, as well as of the aorta, is 
greater than that of the trunks, the difference in 
velocity is by no means ſo conſiderable as moſt 
phyſiologiſts ſeem to imagine. Be that how- 
ever as it will, ſtill the hypotheſis is obnoxi- 
ous to all the general objections againſt the 
production of heat by the attrition of fluids 
upon ſolids; and, in fine, to whatever has 
been urged n the effects Ln em 


means. Ft 


But, though I reed every ſuppoſition + a 


particular ſeat or Mina for * generation of 
5 the 
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the heat of animals, and conſider the gene- 
rating cauſe, whatever it be, as diffuſed yer 
the whole machine, yet it is by no means ne- 
ceſſary that it ſhould be preciſely equal in 
every part; for allowing it to; be greateſt in 
the largeſt veſſels, from their equal diſtibu- 
tion, and the rapidity of the motion of the 
blood, we may reaſonably ſuppoſe, that as all 
bodies, which have received heat, require a 
certain time to loſe it by communication, ſo 
the vital fluid will carry the heat generated in 
the large canals to the moſt diſtant capillaries, 
But, from an attentive conſideration of the 
phænomena of topical inflammation, to me, 
the action of the ſmaller veſſels ſeems much 
more conſiderable, than is n taught 
ang believed. 

I am far, however, from agrecing with the 
8 Dr. Martin, who has taken a great 
deal of pains to ſhow, that if animal heat, 
as he maintains, depends upon the attrition of 
the blood upon the ſides of the containing 
veſſels, it neceſſarily muſt be uniformly tlie 
ſame in every part of the body *. His man- 
ner of reaſoning on the ſubject is extremely 
fallacious. He inſiſts, that if fluids be pro- 
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pelled with celerities proportional to the dia- 
meters of their containing canals, the heat of 
theſe fluids, generated by attrition, will be 
equal; and therefore, that as in the animal 
machine, the internal ſurface of the ramifi- 
cations of the arterial ſyſtem is increaſed in 
the ſame ratio as the velocity is diminiſhed, 
the generation of heat muſt be equal in eve- 
ry part of the ſame individual, But beſides 
that his meaſurement and calcul are by 
no means accurate, the principles, on which 
he goes, are altogether inconſiſtent with the 
common laws of mechanics : for, who ever 
attempted to demonſtrate that . increaſe of 
ſurface compenſates for want of velocity ? 
On the contrary it is well known, that if the 
velocity be diminiſhed in the inverſe ratio of 
the ſurfaces, that is, if the motion be dimi- 
niſhed as much as the ſurfaces are increaſed, 

the heat formerly excited will become on 
every occaſion proportionably leſs, and on 
moſt none at all will be generated. 

Having ſhewn that the friction of the 
blood upon its canals will, in no ſhape, ac- 
count for the production of animal heat, we - 
ſhall briefly take notice of the opinion, which 
attributes it to the action of the ſolids upon 


one another, 
a I The 
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The heart and arteries are almoſt the only 
organs which can be ſaid to be in perpetual 
motion; there being little or no motion in 
the muſcular ſyſtem, while the animal is 
aſleep: but granting every muſcle in the bo- 
dy to be conſtantly in action, ſtill not one 
probable argument could be deduced in fa- 
vour of this hypotheſis. 

In the firſt place, the moving parts, W 
ſtyled ſolid, are neither in their nature hard 
nor dry; two conditions abſolutely neceſſary 
to the mechanical production of heat. 

In the ſecond place, no movements in the 
muſcular or vaſcular ſyſtem are either rapid 
enough, or carried on with a momentum ſuf- 
ficient to excite heat in the coarſe way of 
attrition ; and laſtly, it is apparent, from the 
moſt accurate microſcopical obſervations, that 
the minuteſt viſible ſtamen 'of every move- 
able fibre is lubricated with an unctuous mu- 
cilaginous liquor, evidently intended by nature 
to obviate the mechanical effects of friction. 
It is therefore, I apprehend, to be concluded 
from theſe conſiderations, that this theory 
of animal heat is by no means adequate to 
the ſolution of the queſtion, and may of 

conſequence 
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conſequence be diſmiſſed without any further 


inquiry *, 
The only hypotheſis which now remains 


to be diſcuſſed, reſpecting | the mechanical 


generation of the heat of animals, is that, 
which aſcribes it to the inteſtine motion, or 
friction of the inſenſible particles of the 
blood on one another. This opinion, ac- 
cording to the manner in which it has been 
explained by phyſiologiſts, is liable to every 
objection, which has been urged againſt the 
production of heat by fluid acting upon fluid. 
Inſtead, therefore, of ſtopping to enumerate an 
infinitude of arguments, which evince the im- 
probability of animal heat being generated in 
this way, I ſhall content myſelf with reciting a 
few lines from the learned Sche/bammerus, 
who expreſſes himſelf on the ſubject with 


* Iam bappy in this public opportunity of rectifying 
a miſtake into which I had inadvertently fallen with re-. 
ſpect to Dr, Monro. By truſting to inaccurate tran- 
{cripts of his anatomical prelections, I publiſhed in my 
inaugural diſſertation the above opinion, as that which 
was believed and taught by him. Having ſince however 
been informed that he publicly diſclaims it, I no longer 
give it as bis, and fincerely regret having attributed fo 
unphiloſophical an hypotheſis to a phyſiologiſt ſo juſtly 
celebrated for extenſive knowledge in every department 
of natural ſcience. 
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no leſs good ſenſe than energy, © Provoca 
“ (ſays he) ad experientiam totius naturæ 
ce rerum. Moveant mihi et conquaſſent quem- 
e cunque humorem, et fluctus in ſimpulo 
* concitent integros dies nocteſque. Æſtuet 
ce mare, fluvii rapidiſſimi per immenſas rupes 
e provolvantur integra ſæcula, ne tepeſcent 
te quidem unquam, multo minus calebunt. 
«© Numne igitur vident aliud quam motum 
« effe a quo caleat ſanguis ? 2 motu calor 
0 ille augeatur ! 
But though no phyſiologiſt has been able 
to demonſtrate, that the. ſimple conquaſſation 
of fluids can raife any degree of heat by the 
means of mechanical attrition, yet it will 
not, it is hoped, be found very difficult to 
ſhow, from a variety of facts ſeconded by 
analogy, that the action of the fanguiteraus 
ſyſtem ſuperinduces thoſe changes in the 
common maſs of blood, which give riſe to 
the heat of living animals. | 
Before I proceed to explain how and on 
what principles that effect is produced, I can- 
not omit taking notice of the opinions, on 
this queſtion, of Dr. Cullen and Dr. Black, 
whoſe diſtinguiſhed merit in the phyſical 
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world, will hand down thats Names to uw 
N en tig | 
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Dr. — s Dedrin 4 Animal Heat. 


Ds. Col xx, finding every e 
that had been offered on the cauſe of animal 
heat clogged with inſurmountable difficulties, 
was induced to attempt a ſolution of the 
queſtion on a new ſet of principles; but at- 


| tentive to the candour and. diffidence with 


which novel opinions ought to be broached, 
he delivers his, as little more than a mere 
conjecture. May it not (ſays he) be ſup- 
e poſed, that there is ſome circumſtance in 
« the vital principle of animals, which is in 
* common to thoſe of the ſame claſs, and of 
© like economy; and which determines the 


d effect of motion upon the vital principle, 


® to be the ſame, though the motion acting 
upon it may be in different circumſtan- 
* ces ®,” The Doctor was driven to this 
ſuppoſition from the difficulty he found to 


© Inftitutions of Medicine, p. 224. | 
explain 
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explain how ſo many animals, of a different 
age, ſize and temperament, ſhould poſſeſs 
very nearly the ſame degree of heat; and in 
which it is impoſſible to ſhow that the mo- 
tion of the blood, in all its circumſtances, 
- is alſo exactly the ſame, or that in the diffe- 
rent animals in which the degree of heat is 
conſiderably different, the motion of the 
circulating maſs is in each correſpondent to 
the difference of temperature. Thoſe, I 
confels, are difficulties not to be reſolyed on 
any theory hitherto communicated. to the 
public: but ſome principles, it is hoped, will 
be laid down in + the preſent treatiſe, on 
which they may, with no inconſiderable de- 
gree of probability, be explained. | 

In the mean time, it ſhall only be remark- 
ed, that granting the degree of heat not al- 
ways to obtain in an exact ratio with the 
motion of the blood, and that this is an in- 
fuperable objection to its mechanical genera- 
tion, yet there appear no plauſible grounds 
for fancying that the effect of motion on the 
vital principle may be the ſame, while the 
motion acting upon it is in different circum- 
ſtances. By this Dr. Cullen means, for to 
thoſe who never heard him on the ſubject 
ſome * of the text may not be un- 
acceptable, 
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t acceptable, that the different temperature of 
8 different animals is owing to a differenoe of 
2 the vital principle, inſomuch, that the velo- 
„ city of the blood may be the ſame in a frog, 
s as in a man, yet in conſequence of the dit- 
yi ferent vital principle, the heat produced be 
8 different. The facts, upon which he 
C ſeems to lay greateſt ſtreſs are, that neither 
0 where the ſurrounding medium conſiderably ; 
I ſurpaſſes the temperature of the living body, 
N nor where it is far below it, is there any ſen- 
e ſible change in the heat of animals. Theſe, 
l and ſome ſimilar facts, ſeemingly counte- 
n nance his hypotheſis, but they will, it is pre- 
5 ſumed, be hereafter explained on principles 
| more obvious, and conſiſtent with the ſim- 
- plicity of nature ; for while we admire the 
. ſingular ingenuity, which ſtamps every part 
E of the Cullenian doctrine, we muſt be per- 
|= mitted to confider it, in this particular, as 
L= founded on a more ſpecious, than ſolid baſis. 
ls What juſt grounds have we to imagine the 
e principle of life different in different animals? ö 
e And how are we to conceive, that the ſame | 
_ degree of motion ſhould in one claſs of ani- 
to mals always produce a certain degree of heat, | 
> and in another claſs as regularly a different ? | 
1 A propoſition of ſuch a nature ſhould, no 


e, doubt, 
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doubt, require the moſt obvious facts and 
1 arguments to eſtabliſh it; but in 
the preſent inſtance we do not even perceive 
any probable reaſon from analogy. Beſides, 
to ſay that the principle of life can generate 
heat or cold, independent of chymical or 
mechanical means, is contrary to experience, 
and ſeems in itſelf abſurd. Upon the whole, 
from theſe few of the many objections that 
tend to overturn Dr. Cullen's theory of ani- 
mal heat, we do not heſitate to account it a 
mere hypotheſis, and entirely abandon it. 

It will not, it is preſumed, be deemed fo- 
reign.to the preſent queſtion to mention an 
opinion, lately publiſhed by Mr. John Hun- 
ter in the Philoſophical Tranſactions *. That 
ingenious phyfiologiſt, after reciting ſome ex- 
periments reſpecting animal heat, aſſerts, that 
certain animals entirely deſtitute of nerves 
are endowed with: a power of generating. 
their own heat ; and this he brings as an ar- 
gumentum crucis againſt the opinion of thoſe, 
who account the nervous ſyſtem the ſeat of 
animal heat. 

If this be really a matter of fact, it muſt, 
no doubt, have all the weight which he 


* Vol. LXVI. 97 
aſcribes 
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aſcribes to it; but how much ſoever it may 
favour my objections to the ' Ca/lenian doc- 
trine, I ſhall decline taking any advantage 
of it, till Mr. Hunter has offered ſume more 
ſolid arguments in ſupport of it than bare 
aſſertions; and till he has ſpecified at leaſt 
the tribe of animals, in which he met with 
a phenomenon ſo: repugnant to the general 
laws of the animal economy. No doctrine in 
phyfialogy has hitherto been more univerſally 
admitted than that all the more perfect ani- 
mals are provided with a regular ſyſtem of 
nerves, on. which ſenſe, and motion, and lite 
itſelf, immediately depend; and though this 
ſyſtem be more or leſs perfect, according to 
the different gradations of life, and may, 
perhaps, in the very loweſt claſs of animals, 


be too minute and indiſtinct to admit of ocu- 


lar demonſtration; yet even this is not to be 
accounted an incontrovertible proof of the 


non: exiſtence of nerves in thoſe animals; fot 


all anatomiſts allow, that there are thouſands 
of nervous filaments, ſo finely interwoven 
into the compoſition of the more perfect 
animals of every ſize, as to clude not only 
the knife and naked eye, but even the beſt 
optical inſtruments hitherto invented. Since 


then we admit the preſence of nerves in one 
K tribe 
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tribe of animals, though we can only per- 
ceive them in their effects, what ſolid reaſon 
have we to deny them in another, in which 
we have the very ſame evidence: viz. cer- 


tain indications of ſenſe and motion? Beſides, 
is it conſentaneous to the known ſimplicity 


of nature to ſuppoſe- that there 1s-a different 


principle of life in different animals? 'As 
therefore all experiments hitherto have ſhewn 
the nervous ſyſtem to be the organ of ſenſe 


and motion, or ſeat of the living principle, 


we mult be permitted to reject Mr. Hunter's 
opinion, as a conjecture, at preſent neither 
ſupported by facts, nor analogy, On what 
he founds his own judgment, I do not pre- 
tend to conjecture; but till ſuch time as he 


communicates it to the public, it is ſurely al- 


lowable to believe that neither animal heat 
can be generated, nor the principle of life 


itſelf ſubſiſt, where there is not a more or 
leſs perfect ſyſtem of nerves. 0 
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Dr. Black Doftrine of A Heut. 


89 * 


Wr now come to the laſt, and perhaps 
the moſt i ingenious and beſt ſupported theory 


which has ever been propoſed on the ſubject of 
| animal heat: I mean that of Doctor Black, 
That excellent chymiſt having obſerved, that 


not only breathing animals are of all others 


the warmeſt, but alſo that there ſubſiſts ſo 


cloſe and'ſtriking a connexion, betwixt the 
ſtate of reſpiration and the, degree of heat in 
animals, that they appear to be in an exact 


proportion to one another, was led to believe | 


that animal heat depends on the ſtate of re- 
ſpiration ; that it is all generated in the lungs, 


by the action of the air upon the principle of 
inflammability, in a manner little diſſimilar 


to what occurs in actual inflammation; and 


that it is thence diffuſed by means of the cir- 


culation over the reſt of the vital ſyſtem “. 


This opinion is countenanced by many for- 


* Maclurg Diſſert. Phyſ. de Calore, Edin. 1772. 
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cible arguments, the chief of which ſhall 
be ſubmitted to the reader, with animadyer- 
ſions upon them. 

In the firſt place, it is at this time pretty 
generally krown to naturaliſts, that a quan- 
tity of mephitic phlogiſticated air is conſtant- 
ly exhaling from the. lungs of living animals. 
Since therefore atmoſpherical air, by paſſing 
through the lungs, acquires the very ſame 
properties, as. by paſſing through burning 
fuel, or by being expoſed to any other pro- 
ceſs of phlogiſtication, it is obvious that the 
change, which the common air undergoes in 
both caſes, muſt be attributed to one and the 
ſame cauſe: vi. its combination with phlo- 
giſton. Ihus far then is Dr. Black's opinion 
ſeemingly well founded. | 

It has likewiſe been urged in favour of the 
ſame hypotheſis, that the celerity with which 
the principle of inflammability is ſeparated in 

reſpiration, is very cloſely connected with the 
degree of heat peculiar to each animal. 
Thus, man, birds and quadrupeds, vitiate 
air very faſt; ſerpents, and all the amphibi- 
ous kind, very flowly ; and the latter, as was 
formerly obſerved, are of a temperature in- 
feriour to the 8 and breathe leſs fre- 
quently : but the moſt cogent arguments, 
which 
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which have been brought in ſupport of this 
opinion, are, that no heat is generated till 
the function of reſpiration be eſtabliſhed, and 
that the fœtus in utero n all its heat 
from the mother. 15 

Theſe. arguments may, perhaps, on a WY 
perficial view of the queſtion, appear con- 
cluſive; but a - found reafoner, who: ſhall 
coolly and impartially weigh every circum- 
ſtance, will, I am confident, allow that they 
only afford a very ambiguous and imperfeR 
evidence of the doctrine, which they are 
meant to eſtabliſh: and the ſubſequent ani- 
madverſions on Dr. Black's theory at large 
will, it is hoped, ſuffice to ſhow that it is 
not olly founded on dubious and controver- 
tible principles, but that it is, in evety point 
of light, clogged with ene diffte 
culties. ä 
I. Many and various are e the nk; which 
evince the improbability of the lungs being 
the ſource or elaboratory of animal heat; for 
though it be granted that there ſubſiſts a very 
ſtriking connexion betwixt the ſtate of reſpi- 
ration and the degree of heat in animals, and 
that they are even in proportion to one ano- 
ther, yet it by no means enſues, that the 


res is poſitively the cauſe of the latter; 
for, 
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for, were that really the caſe, it is obvious 
that thoſe animals, which are deſtitute of the 
organs of reſpiration, would generate no 
heat. That however is not true in fact, for 
thoſe fiſhes, which are even deſtitute of gills, 
appear, from various experiments, to be 
warmer than the ordinary temperature of the 
element in which they live; an irefragable 
proof that the function of reſpitation i is not 


abſolutely neceſſary to the ee of 5 
in animals. 


II. If the heat of liviog animals be 880 
rated ſolely in the lungs, two things ne- 


neſſatily follow ; the firſt, that it can only be 
communicated to the other parts of the bo- 
- dy through the channel of the arterial. ſyſ- 
tem. The ſecond, that it muſt decreaſe as 
it recedes from its ſuppoſed. center: and a 


clear and ſatisfactory evidence of both theſe 
eſſential points will: no doubt be deemed re- 


quiſite to render Dr. Black's opinion in any 


degree probable. Sov far, however, are we 


from meeting with thoſe poſitive and con- 
vincing prooft, Which we had reaſon to ex- 


pect, that we are not preſented with a ſingle 


plauſible argument in favour of either of the 


points. On the contrary, it is more conform- 
able to facts, that the venal blood is, if not 
| Warmer, 
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warmer, at leaſt as warm-as the arterial.. Dr, 
Stevenſon, an ingenious and accurate phyſio- 
logiſt, with a view to aſcertain this matter, 
laid bare the jugular vein and carotid artery 
of a calf, and then tied them and cut them 
off at once, in order to let equal quantities of 
blood flow, in a given time, into veſſels. of 
an equal capacity, in each of which he had 
placed a well-adjuſted thermometer *, The 
reſult of the experiment was, That the ther- 
mometer immerſed in the venal blood roſe 


ſeveral degrees above that placed in the arte- 


rial, But though it is probable that the dif- 
ference is not ſo remarkable as that experi- 


ment makes it, yet ſeveral reaſons to be 


hereafter aſſigned, incline me to think that 
the venous blood inſtead of being colder, as 
Dr. Black maintains, is in fact ſomewhat 
warmer than the arterial: and what entirely 
overturns his opinion is, that no experiment, 
though many have been made, has ever 
ſhown that the temperature of the blood is 
in the left ventricle of the heart higher than 
in the right, which muſt neceſſarily be 
the caſe, were all the heat of the animal _ 
generated'1 in the lungs 4. 


Med. Eſſays Edin. vol. VI. 
t Dr. Cullen phyſiol. prelect. 
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III. Having thus rendered it. improbable 
that the generation of animal heat ſhould, be 
entirely confined to the lungs, we ſhall ven- 
ture a ſtep farther, and endeavour to ſhow 
that the vital fluid, ſo far from acquiring all 
its heat in its paſſage through the pulmonary 
ſyſtem, communicates no inconfiderable por- 
tion of what it had received in the courſe of 
circulation to the atmoſpherical air alternate- 
ly entering into that organ, and iſſuing from 
it. Various are the arguments, which tend 
to evince this opinion. Were the blood heat- 
ed in the lungs, we ſhould certainly need leſß 
of their function in a warm than in a cold 
atmoſphere ; but we are taught by experi- 
ence, that when the air is extremely hot, and 
we wiſh to be cooled, we breathe full and 
quick; and that when it is intenſely cold, 
our reſpiration is flow and languid; which, 
were the blood heated in the lungs by the 
action of the air upon it, ſurely ſhould nat be 
the caſe. It is therefore more conſonant 
with reaſon and experience, that the air 
which we inſpire, by carrying off a quantity 
of evolved phlogiſton from the lungs, rather 
contributes to diminiſh than increaſe the heat 
of breathing animals. Reſpiration, for this 
reaſon, has been very properly compared, by 

"7"; 
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an ingenious phyſialogitt, Dr. Duacan, to 


the blowing of bellows on a hot body *. In 
bath caſes a confiderable degree of heat 
is communicated to the air, but jin neither, 
can the air he {aid to generate any heat: for 
if it did, the heat of breathing animals 
ſhould increaſe in proportion to the quantity 
of air inhaled, and a piece of inert Matter, 
heated to a certain degree, ſhould become 
hotter by ventilation. | 
IV. The fetus in ztero, according to Dr. 
Black's hypotheſis, generates no heat. The 


arguments, by which he ſupports that ꝓoſi - 


tion, how ingenious ſoever they may be, 
ſeem not to me ſufficiently cogent to produce 
conviction z and as the queſtion, from its na- 


ture, hardly admits any direct experiment, 


our reaſoning upon it muſt neceſſarily be ana- 
logical. Hence ariſes our embarraſunent ; 


for, as the diſcovering of analogies de- 


pends on the quickneſs and fertility of fancy, 


and the truth of all analogical ratiocination 


on the acuteneſs and nicety of judgment, two 
powers of the foul ſeldom united in an emi- 
nent degree, we cannot wonder that argu- 
ments of this kind, which to one man {ſeem 


* PreleR. on the Jaftit. of Med. din. 
L unanſwer- 
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unanſwerable, ſhould to another ons: fu- 

tile. 2 1555 
The only plau able objection to * — 
ration of heat in the fœtus, is the ſuppo- 
ſition that it would, in a ſhort time, ac- 
cumulate ſo as to become incompatible with 
life. e 
This argument, however, is more ſpecious 
than ſolid ; for granting that the circulation, 
which is carried on between the feetus and 
the mother, tranſmits very nearly the tempe- 
rature of her blood, that, by no means en- 
tirely ſuperſedes the neceſſity of heat being 
generated in it. Various reaſons lead to, this 
opinion. It is an axiom that heat, however 
excited, decreaſes as it recedes from the 
ſource from which it ſprang: Now, if we 
admit for a moment Dr. Black's opinion, 
and believe the heat of animals to be gene- 
rated ſolely in the lungs, is it not obvious, 
that before it reaches the uterus, paſſes thro' 
the very minute tubes, by which that organ 
is connected to the placenta, circulates thro 
the umbilical veſſels, and pervades the ex- 
treme parts of the fœtus, it muſt be too much 
diminiſhed to ſupport that æquilibrium, which 
we ſhowed to obtain in every part of the li- 
ving ſyſtem. Beſides, as the fœtus in utero 
| may 


. «as 
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may properly enough be accounted a part of 
the mother, the ſame objections that are 
brought againſt the generation of heat in it, 
would hold equally good againſt any being 
produced 'in any other part, or organ of her 
body, except the lungs, But ſuch' an infini- 
tude of accurate thermometrical obſervations 
have evinced the partial increaſe of heat in 
local inflimmations, that no room is left to 
doubt, that, in every individual part of the 


vital frame, heat is generated; and if the 


fetus be, from any cauſe whatever, liable to 
topical inflammation, a thing which no phy- 
fiologiſt has ever pretended to deny, what 
ſhadow of reaſon is there for doubting that 
ſuch affections are accompanied with the 
ſame effects, before, as after birth, and 
conſequently with a partial increaſe of heat? 

But though theſe arguments will to moſt 
appear conclufive, with reſpect to the fœtus 
having a power of generating heat, yet they 
will not * ſatisfy all, why it does not | 
accumulate, | 

If, however, the following circumſtances 
be allowed their proper weight, they will, it 
is hoped, remove all doubts reſpecting that 
matter. In the ſequel of this eſſay, it will 
_ that the generation of heat may very 


L 2 properly 
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properly be conſidered as a neceſſary conſe» 
quence of the material mechaniſm, and func- 
tions peculiar 40 animated body; and there- 
fare muſt of courſe very much depend on 
the actual ſtate and peculiar eircumitances of 
the animal. Now the ſtate and cireumſtan- 
ees of the fœtus are manifeſtly ſuch, as ef- 
obviate the generation of heat in 
any conſiderable degree, and of conſequence 
its accumulation. According to Dr. Black's 
theory, and to that which ſhall be hereatter 
propoſed, the heat of animals entirely depends 
on the quantity and Rate of the phlogiſton 
preſent in the maſs of blood: and from the 
furvey, which was taken of all the different 
genera of animals, it appeared that the de- 
gree of heat peculiar to each is proportion- 
able to the number of red globules | in the 
circulating fluids. 

Dr. Haller, who maintains that the red 
globular parts of the blood are chiefly of ule 
to generate heat, becauſe they always abound 
in proporticn ta the natural heat of the ani- 
mal, ſubjoins, that in the fœtus the blood is 
neither red nor denſe. Apparet (ys he) 
* in fœtu deeſſe ſanguinis ruborem, denſita- 
60 tem ſoldam * | 
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And indeed it appears, from the very ac- 
curate experiments of Dr, Maclurg, that not 
only the blood, but alfo che bile and urine, 
the moſt pungent of the animal ſecretions in 


the adult, are, in the fœmtus perfectly bland, 


and almoſt deſtitute of every ſenſible quality; 
and that, on chymical analyſis, they give no 
marks of their containing phlogiſton, unlefs 
in a very ſmall proportion. Hence we may 
reafonably conclude, that nature has ſtudioufly 
provided againſt the maternal blood paſſing 
into the circulatory ſyſtem of the fcetus, be- 
fore it has undergone all the various changes 
confequent on percolation, ſecretion, and 
ſtagnation; and the final cauſe of this wiſe 
provifion evidently is, to refine and purify the 
vital ftream of all its grofs and recrementi- 
tious parts, ſo that none but ſuch as' are 
ſufficiently elaborated, and prepared to af- 
ford a ready and immediate fupply to the 
folids of the embrio, ſhall be filtrated into the 
placenta; through the inviſibly minute exha- 
ling vefieks of the uterus, Now, if we ad- 
mit what fhall be hereafter ſhewn, that from 
the moment the chyle paſſes into the circu- 
lation, the phlogiſton which it eontains is 


rapidly paſſing from a fixed to an active ſe- 


parable ſtate, and perpetually eſcaping not 
. only 
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only from the ſurface of the lungs, but every 
point of the whole expanſion of the cuticle, 
we ſhall have little difficulty to conceive how 
that principle comes to exiſt in ſo ſmall a 
proportion in the fœtus, and of courſe, why 
the degree of heat generated is much leſs 
before than after birth, But there is l need 
to reſt the matter on the uncertain baſis of 
plauſibility, when we have the juſteſt and 
moſt ſtriking analogy, in direct corroboration 
of what has been laſt urged. The moſt con- 
clufive proofs were formerly brought, that 
the chick in 0V0, as ſoon as the circulation is 
fully eſtabliſhed, is endowed with the power 
of generating heat. Is it then conſiſtent with 
the principles of ſound reaſon and analogy, 
to deny that the fœtus in utero is poſſeſſed of 
a ſimilar power? And if we truſt to the well. 
known candour and accuracy of Dr. Steven- 
| fon, we ſhall no longer entertain any doubt of 
the matter; for he poſitively affirms, that a 
full grown fetus taken away from the mo- 
ther, but continuing within the membranes, 
can live ſeveral hours by its own heat without 
any aſſiſtance from the lungs *. This fact 
at once overturns Dr. Black's hypotheſis, 
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ſince it affords the cleareſt evidence of heat 

being generated in the animal machine be- 

fore the lungs come into play. In fine, tho 

breathing animals are the warmeſt, there is 

not ſo much reaſon for ſaying that they are 

ſo, becauſe they breathe, as that W breathe 
becauſe they are warmeſt. os 

V. It will not, it is preſumed, 2 unac- 

ceptable to the reader, to conclude the re- 

view, which has been taken of Dr. Black's 

theory of animal heat, by a recapitulation of 

the chief reaſons which induce me to reject 

6 it. In the foregoing diſcuſſion, it was only 

neceſſary to evince one of two things; either 

that reſpiration takes place without animal 

ö heat, or animal heat without reſpiration: 

] With reſpe& to the firſt propoſition, as life 

| itſelf, and every vital function immediately 

depend on a certain degree of heat, it could 

f not in the nature of things admit of proof. 

On that account, all our reaſoning has been 

| directed to the proof of the ſecond, and it is 

hoped not without the deſired effect. From 

adverting to the incubation of eggs, we 

learned that the chick in ov generates 

heat for ſome time before it can have any 

communication with the . air. 

| We 
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We have :alſoſcen that a full- grown feettis 
may ſubſiſt ſeveral hours after birth without 
reſpiration, and preſerve its natural tempera- 
ture, Are not theſe convincing proofs that 
the generation of heat takes place in animals 

Prior to the function of reſpiration? And does 
it not appear from thoſe caſes related by De 
Haen, and formerly mentioned, in which the 
thermometer roſe ſeveral degrees after death, 
that is after the lungs had ceaſed to play, that 
animal heat is generated without the aid of 
reſpiration? But even granting theſe argu- 
ments to be too ambiguous to produce con- 
viction, a little attention to the phenomena 
of animal heat will evince the repugnancy of 
Dr. Black's doctrine to the known laue of 
the animal machine. 

Whilſt man enjoys perfect health, his tem- 
perature is ftable, aud every where invaria- 
[bly the ſame; but no ſooner has a local in- 
flammation invaded any part of his body, 
than, in the ſpot affected, the thermometer 
ändicates a partial increaſe of heat: And as 
no part of the animal frame is exempt from 
topical inflammations, a preternatural and 
partial degree of heat is found ſometimes in 

one place, ſometimes in another, and ver 
oſten in the extremities, Since therefore 
thoſe 


e ile Gaufe,of Anima Haar. 89 


doll nim ot ilto bend, fabric Aich we 


moſt, remote from the lunge, are freguentiy 
ſenſihly hottat than they ate is it or ahſurd 


to account that organ dh center and ole. ela- 
boratory of the heat of animals? 


Such are the animadverſions which occur- 
red to me on an attentive conſideration of 
Dr. Black's hypotheſis; and, I flatter myſelf, 
they will ſuffice to convince the impartial 
reader that, though his ↄpigion hs in ſome 
reſpects juſt, and in all ingenious, it is by no 
means adequate to the ſolution of the phæ- 
nomena of animal heat. 

It would, I think, be paying a ſorry com- 
pliment to a man of Dr, Black's truly libe- 
ral and philoſophic turn of mind, to offer 
any apology for having thus freely canvaſſed 
his opinion; which, though never publiſhed, 
13 Welt knawn to all who have attended his 


lectures. Beſides, I had once the ſatisfaction 
of a private converſation with the Doctor on 


the ſubject, in which he explained to me his 
ſentiments at ſuch length, that I have every 
reaſon to believe, that they are here deliver- 
ed with ſufficient accuracy and perſpicuity. 

I ſhould not, however, have been ſo par- 
ticular in the refuting of Dr. Black's hypo- 
M | theſis, 
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90 A Viewof the prevailing Opinions, &c. 
theſis; had I not conſidered à careful diſcuſ-. 
fion of his doctrine as one of the beſt means 
of developing ſome of the radical principles 
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Tuzony of ANIMAL Hear. 


HE e which induced me to 

reject the ſentiments of former phy- 
ſiologiſts, being now aſſigned, it is 
neceſſary to give an account of that Theory, 
which will, it is hoped, ſolve this important 
queſtion. Here then my difficulties com- 
| M 2 mence; 
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on Theory of Animal Heat” 


itencey for who can prifyrhe to think him 
ſelf Cipable” of preſentibg to the public à 
ſyſtem complete in all its parts? Or were any 
one adequate to the taſk; would he dream of 
eſcaping the miſrepreſentations of enyy, the 
miſapprehſions of erfour, or the ſhafts darted 
by the pride of thoſe, who, having attained 
the pinnadle of ſcientific tame, endeavoui to 
depreciate their opinions, who dare to think 
for themſelves. With the utmoſt diffidence, 
therefore, I proceed to mention the hypothe- 
ſis with reſpect to animal heat, which to me 
ſeems incumbered with fewer objections, 
more conformable to the ſimplicity of nature, 
and more conſentaneous to ſound philoſophy, 
than any, which it has been my fortune to 
hear. My idea is briefly this: “ That the 
te ſubtle principle, by chymiſts termed phlc- 
*« g:/ton, which enters into the compoſition 
* of all natural bodies, is, in conſequence of 
« the action of the vaſeularſyſtem, gradual- 
* ly evolved throughout every part of the 
animal machine, and that, during this 
ee evolution, heat is generated. This opi- 
nion was fuit, J believe, explicitly delivered 
in the univerſity of Edinburgh, during the 
winter of 1774-5, by my learned and inge- 
nious friend Dr. Duncan, whoſe lectures on 
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the Inſtitations of Medicine I had, at that 


time, the pleaſure of hearing; but the ſame 
notion, or one very nearly ſo, had occurred 
to ſevetal ot the moſt attentive obſervers of 
nature, as appears from the following, and 
ſeveral other paſſages in Dr. Franklin's inva- 
luable works. I have been inclined: to 
« think that the fluid fre, as well as the 
fluid air, is attracted: by plants in their 


growth, and becomes conſolidated with 


« the other materials of which they are form- 
«cd, and makes a great part of their ſub- 
« ſtance; that when they come to be digeſt- 
« ed, and ſuffer in the veſſels a kind of fer- 
mentation, part of the fire, as well as part 
« of the air, recovers its fluid active ſtate 
« again, and diffuſes itſelf in the body, di- 
« geſting and ſeparating it; that the fire, ſo 
re- produced by digeſtion and ſeparation 
« continually leaving the body, its place is 


« ſupplied; by freſh quantities, ariſing from 


the continual ſeparation ; that whatever 


quickens the motion f the blood in an ani- 
mal quickens the ſeparation, and re- produ- 
© ces more of the fire, as exerciſe ; that all the 


* fire emitted by wood and other combuſti- 
© bles when burning, exiſted in them before 


© in a ſolid ſtate, being only diſcovered when 
cc « ſepa- 
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« ſeparating; that ſome foſſiles, as. ſulphur, 
« ſea- coal, &c, contain a great deal of ſolid 
« fire, and that in ſhort, what eſcapes and as 
diſfipated in the burning of bodies, beſides 
4 water and earth, is generally the air and: 
4 fire that before made parts of the ſo- 
nid . F dv, 5 W Au len 

An opinion, very Godbar to the above, had 
feveral years before Dri Franklin's time been 


propoſed to the Royal Society by Dr. Morti= 
mer T. This learned phyſician, from conſi- 


dering the excitation of heat by fermentation 
and mixture, where there is evidently no in- 
troduction of adventitious particles of fie, 


was led to infer that the elements of fire lay 


hid, or dormant, in bodies; and that the air, 


which moſt ſubſtances both ſolid and fluid 
contain, being ſet at liberty, by its elaſticity, 
excites into motion the latent particles of fire, 


and generates heat; and therefore, as the ani- 


mal fluids not only contain a large proportion 
of the phoſphoric principle, or ſulphur, in a 


quieſcent ſtate. at leaſt, but likewiſe a cοn 


ſiderable quantity of. air, he concluded that 


the e of heat, 4 the wok frame, 


il 2323461 » vat 19? 
{ 112363 ths 
2 Philoſoph, Tran. Pol. XLIV. dy 


. Laſt Edie of his Letters, p. 346. 
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was the tieceſſary/ conſequenee-of the parzi- 
cles of phoſpherus and alt coming into con 
tact; ” and this, he ſuppoſed, effected by 
means of the circulation, "alleging even that, 
if it wete not for! the ſhpet-abundarice of 
aqueous humours in animals, fatal incenſions 
would frequently happen. This ' hypotheſis 
| is no doubt very ingenious, and asl far "as re- 
\ ſpects the exiſtence of phoſphorus," or Phlo- | 
5 2858 in the blood, and its extrication, in 
N conſequenee of the inteltine motion” ibduced 
by the action of the heart and arteries, it is 
; juſt.” But as to the air; "preſent in the ani- 
mal juices, being anyways inſtrumental in 
the production of the heat of amimale, there 
does not appear a ſhadow ef proof. It is 
however obvious; that both Dr. Franklin and 
Dr. Mortimer were of opinion, which is all 1 
wiſhed to evince, that the heat of living ani- 
mals is produced by an evolution of the phlo- 
giſtic fluid, and — this evolution dende 
upon the action of the citculating powers. 
Though it has beeh rendered highly impro- 
bable that tlie ſimple conijuaſſation of homo- 
geneous Aluitt ſhould generate heat, there is 
| no room, I think, to doubt, that the motion 
NPof che parts of ſeveral *haverogenrous fluids 
„ne upon 


96 Theory of Animal Heat. 
upon one another may induce ſuch changes, 
28 ſhall be accompanied. with heat. 
The churning of of .milk affords the cledreſt 
exideyce. of that poſition for ĩt is. obvious 
on that occaſion, that when heat is generated, 
a fermentation: takes place, a reſolution goes 
on, and new productions are formed. The 
change of temperature is therefore not te be 
aſcribed to the mechanical motion of the in- 
tegrals, but to the change of mixture. Now, 
if ſimple agitation be ſufffeient to produce 
thoſe various effects upon milk, a fluid in eve- 
Ty; reſpect analogous; to the blood, may. we 
not with a high degree of probability fappoſe, 
that the ſtrong and unremitting action af the 
powers of circulation upon the general mals 
of blood is attended) with amber (nat 
Effects, vor * at 10 
If, Fr * the! common n 
analogy; next to experiment, be in philoſo- 
phical inveſtigations the ſureſt guido, it mult 
always influence the judgment in proportion 
to the ſtrength. of the reſemblancei and the 
number of circumſtances in whiciu fimilacity 
is found; and here, where the coincidenee in 
every reſpe& js ſo; riking,! analdgigal argue 
mae — $0 ſilence all aur doubts. 
Ganbius 
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| Gaubius imagines that the red Zune are 


of an oily nature, and therefore it is conſiſt- 


ent with his chymiſtry to ſuppoſe that they 
are better calculated for the generation of 


heat, ' i 


Haller, on the other hand, convinced that 
there muſt be ſomething in the 3 


fluids peculiarly adapted to that purpoſe, co 


ſiders the iron preſent in the blood as a mat- 


ter very fit to enter into the vibrations, 
which he ſuppoſes neceſſary to the produc- 
tion of heat. As I could not enter into a 
minute. diſcuſſion of the merits of theſe dif- 
terent hypotheſes, without overleaping the 
boundaries of this effay, I ſhall reſt contented 
with obſerving, that both theſe great oracles 
of phyſic agree in one very material point, 
which is the aſcribing of the heat of animals, 
and the colour -of their blood, to one and 
the fame cauſe; for, while M. De Haller 
ſuppoſes both to depend on a ſmall portion 


of iron diſcovetable by a chymical analyſis 
of the blood, Profeſſor Gaubius as confident- 


ly 2 them to a quantity of phlogiſton 


| og ent in that fluid, as appears from the 
foll 


owing, and many other paſſages in his 


works, e A redundancy of red blood not 
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98 Theory of Animal Heat: 


ce only ind icates the preſence of an unuſual 
« proportion of phlogiſton, but ſuperinduces, 


with the concurrence of exciting cauſes, a 


« preternatural degree of heat, expands the 
« fluids, and occaſions inflammations #,” 

Now, the ſcope of the preſent inquiry is 
to prove that the principle of inflammability 
is actually preſent in the blood, and that it is 
the efficient cauſe of heat. But the taſk will 
be the more arduous, as the laſt- named phi- 
loſopher, whoſe genius and accuracy are well 
known to the learned, has ſimply given the 
fact, without mentioning . by what he was 
firſt led to the diſcovery of it, or even the 
grounds on which he aſſerts it. 

Amidſt the various opinions offered on he 
ſubject of animal heat, Dr. Black's approaches 
the neareſt to that which I wiſh to eſtabliſh ; 
though, at the ſame time, in many very ma- 
terial points, it is widely different: for while 
he conſiders reſpiration as abſolutely neceſſary 
to the generation of heat, I look upon it, 


4 Rubri ſanguinis exceſſus cum phlogiſton in ſan- 
guine abundans notet, quavis occaſione nociya,. caloris 
augmenta immodicas expanſiones, inflammationes creat,” 
Patholagia. ae 
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Theory of Animal Heat. 99 
as the chief means employed by nature for 
diminiſhing the heat of animals; and that po- 
fition I truſt hereafter to evince in the cleareſt 
manner. The theories however agree thus far, 


that they both aſcribe heat to the agency of 


the principle! of inflamimability; but whilſt that 


ingenious philoſopher confines the generation | 


of heat to the lungs, and attributes it to the 
action of the air upon the phlogiſton, I 
maintain that it does not depend on any per- 
manent ſtate in the component parts of the 
animal: fluids, but is a neceſſary conſequence 
of the conſtant progreſſive mutations of the 
maſs of blood; or of that peculiar vital pro- 
ceſs ondformly- carried on in every part of 
the ſanguiferous ſyſtem, by which the Phlo- 
giſtic fluid is by degrees evolved, and in the 
act of evolution exhibits the phænomena of 
animal- heat. This opinion then very evi- 
dently differs in two material circumſtances 
from that propoſed by Dr. Black. 
For Firſt, he confines the production of 
animal heat to a particular ſeat, or fountain; 
but this. ſuppoſes it to be generated in every 
part of the machine, where the circulation is 
carried on. And ſecondly, according to him, 
the heat excited is owing to the action of the 
N 2 n 
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air on the. phlogiſton already evolved and ex- 
tricated from the blood; whereas, if the 
theory I propoſe be well founded, it is the 
immediate effect of the evolution of that 
fluid, or its actual tranſition from a fixed to 
a looſe and ſeparable ſtate. It will, it is 
hoped, be found that this opinion is by no 
means obnoxious to any of the objections 
which have juſtly been made to that of Dr. 
Black; and, as the generating cauſe here 
extends equally to every part of the animal, 
it affords a ready ſolution of that very ſtri - 
king phenomenon, the equality of heat all 
over the body; a fact altogether inexplicable 
on his hypotheſis. It likewiſe obviates what 
has been ſo. often objected to that theory, 
that heat takes place prior to reſpiration, as 
in the chick in ovo, and is frequently partial, 
as in topical inflammations. In fine, it is 
hoped, that the proof of the ſubſequent 
propoſitions will be a full demonſtration of 
the truth of the . which I wiſh to 
eſtabliſh, _ 
V. The blood contains phlogiſton. 

2a. The action of 3 evolve 
phlogiſton. 

34, The evolution of phlogiſton i attend- 
ed with heat. 

5 4th, The 
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4th. The heat, thus generated, is ſuffici- 
ent to account for the heat af living ani- 
mals, 


ztb. The moſt ſtriking phænomena of 
animal heat evince the truth of thoſe pro- 


poſitions, 
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EFORE we proceed to the proof of 

this propoſition, it will not, I preſume, 
be accounted foreign to the ſubject, to pre- 
miſe a conciſe account of the more yours 
properties of phlogiſton, 

The ancients had no diſtinct idea of phlo- 
giſton. They confounded it with the com- 
pounds, into which it only enters as a conſti- 
tuent : They even miſtook its unity, and be- 
lieved it in different ſubſtances to differ in its 
nature, But it is now almoſt univerſally 
tabght : and believed by chymiſts, that there 
is an elementary principle of inflammability, 
or one particular ingredient of the ſame 
nature in all inflammable ſubſtances; and 
that the diverſity found in bodies, with re- 
ſpe& to their capability of being inflamed, 
ariſes merely from the manner in which that 
principle is combined with the other compo- 
nent parts. * The diſcovery of this important 
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truth was juſtly - reſerved to reward the la- 
bours of modern philoſophers, among whom 


the illuſtrious Stabl hath contributed moſt to 


the advancement of the hermetick art. This 
philoſopher, whoſe genius equalled his in- 
duſtry, ſeems to have taken in at one view 


the almoſt boundleſs range of chymical phæ- 


nomena, and by maturely weighing and ju- 
diciouſly collating them, he invented the beſt 
and moſt ſatisfactory theory that has ever 
been publiſhed ; a theory, whoſe leading 
doctrines, inſtead of being invalidated by 
time, the ſole impartial teſt of ſyſtems, are 
more and more confirmed by the various dif- 
coveries, Which are daily made in this uſcful 
branch; of phyſicks. But to return to my 
ſubject: The phenomena of inflammation 
depend upon the ſeparation of the phlogiſtic 
fluid; for it being once diſſipated, what re- 
mains of the body proves no longer a ſource 
of heat, but is on a footing with all fixed in- 
combuſtible ſubitances, which are diſtin- 
guiſhed from inflammables, by their not ſuf- 
fering any permanent change from heat, and 
by readily tranſmitting it to other bodies, in 
the exact quantity in which they themſelves 
received it. In many caſes, phlogiſton may 
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be reſtored to the ſubſtanees deprived of it, 
by their being mixed-properly with. inflam- 
mable macters, which, for that purpoſe, 'may 
be taken either from the 2 vegetable, 


or foſſil kingdoms. 
But when we attempt to dem an ider 


of the common principle of inflammabi- 
lity, and inquire into its nature in à ſe- 
parate ſtate, we find it a queſtion involved 
in the deepeſt obſcurity : for it can only be 
ſeparated from one body by being forced to 
unite with another, to which, in certain cir- 
cumſtances, it has a greater affinity. In ac- 
tual inflammation, there is reaſon to think 
that it leaves the body in a pure and actise 
ſtate; and as, during its . ſeparation, nothing 
is perceived to iſſue from the inflamed ſub- 
ſtance but a ſtream of fire and light, if any 
judgment be formed from what we fee, we 
muſt conclude that phlogiſton is fire and 
light, or a certain ſubtile elaſtick fluid, upon 
the modifications of which the 

of heat and light immediately depend “. 
There are many ſtriking facts, which tend 
to evince the truth of this propoſition. It is 
well known to chymiſts, that ſeveral bodies 
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aſter being deprived of the phlogiſtick fluid, 
do merely, on being expoſed to the ſolar 
rays, attract a quantity of that principle, and 
fix it in ſuch a manner; as to produce upon 
them the ſame effects as would have attended 
their union with an inflammable ſubſtancg. 
It is therefore, I apprehend, allowable to in- 
fer, that the light of the fun communicates 
phlogiſton to bodies; and that the ſame mat- 
ter, which in a ſeparate ſtate conſtitutes fire 
and light, when modified; in bodies is the 


cauſe of their inflammability; I mean, that 


actual inflammation is the appearance that 
the decompoſition of the phlogiſtic fluid, 
which I account the material cauſe of = 
and light, produces. 

It is ſomewhat remarkable tine? Dr. 
Prieſiley, after offering ſeveral arguments to 
evince the identity of phlogiſton with the 
electrick matter, and even allowing light and 
that principle to be the ſame thing, ſhould 
ſtill be ſo ſtrongly attached to the improbable 
notion of an intenſe vibratory motion of the 
inert particles of bodies, being alone ſuffici- 
ent to excite heat, as to affirm that heat has 
no more connexion with the phlogiſtic fluid, 
than it has with water, or any other conſti- 


tuent part of bodies. This ingenious philo- 
O | ſopher 
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ſopher has not duly adverted to what he him- 
ſelf advances in the fame patagraph, or he 
certainly would have” drawn a very different 
concluſion ; but leſt J ſhould milapprehend 
his meaning, I ſhall ſubmit his own words 
to the judgment of the reader. | 

« The difference between tlie ſubſtances 


« which are called inflammable, and others 
© which alſo contain phlogiſton, may be this; 


* that in the former the beat, or the vibra- 
« tion "occaſioned by the emiſſion of their 
* own phlogiſton, may be ſufficient to occa- 
« ſion the emiſſion of more, till the whole 


be exhauſted; that is, till the body be re- 


« quced to aſhes. Whereas in bodies, which 
te are not inflummable, the heat occaſioned 


dh by the emiſſion of their own phlogiſton 
e may not be ſufficient for this purpoſe, but 
e an additional heat ab extra may be neceſ- 


« ceſſaty *. Theſe are Dr. Prizftley's own 
words, and I appeal to every thinking Tea- 
der, if they do not imply the neceſſity of the 
phlogiſtic fluid to the production of heat. 
Since then 1t is apparent that heat is ſo in- 
timately connected with the principle of in- 
flammability, that it is impoſſible to avoid 


* Exper, on Air, Vol. I. p. 28 7. 
diſcerning 
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| diſcerning the relation which the one bears 
to the other, they may very juſtly be conſi- 


dered as cauſe and effect. But nothing far- 
ther ſhall now be urged, as I ſhall have oc- 
caſion to enlarge a little more on the ſubj: ct, 
when J treat more particularly of the cauſe 
of heat. 

It is a ſingular but a well known fact, that 
almoſt all bodies on being deprived of their 
phlogiſton, inſtead of ſuffering any diminu- 
tion of their weight, have it, on the contra- 
ry, conſiderably increaſed. This has been 


to. many an unſurmountable objection againſt 


the exiſtence of an inflammable principle; 
and indeed to all, who are not converſant in 
chymical experiments, it may appear abſurd 
to ſay that a body becomes heavier on being 
deprived of one of its conſtituent parts: yet, 
however paradoxical this may at firſt ſight 
appear, there are ſo many facts that tend ta 
eſtabliſn it, and which admit of no other 
explanation, that we find ourſelves under the 
neceſſity of believing it. All metals on be- 
ing calcined, that is, deprived of their phlo- 
giſton, have their weight conſiderably increa- 
ſed. A pig of lead weighing a hundred 
pounds will, when calcined, weigh a hun- 
dred and ten pounds, &c, &c. | 

O 2 This 
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This exceſs, or augmentation of weight, 
in metallio calcinations, has been long a no- 
ted problem in chymiſtry. As early as the 
year 1630, ſome eflays were publiſhed by 
M. Rey, expreſſly on this ſubject. This au- 
thor attributes the increaſe ot weight to the 
adheſion of the denſer part of the air ro the 
calx, while the more ſubtle part of that fluid, 
which prevents its adhefion to other ſubſtan- 
ces, is ſeparated during the calcination *. 
Since the time of M. Rey, various hypothe- 
ſes have been offered on the ſubject; ſome 
remarkable for their ſingularity, others for 
their ſubtlety; and all for their inſufficiency 
to afford a. complete and ſatisfactory ſolution 
of the queſtion, Boyle , Muſſchenbroeck, 
Lemery, Buffon, and other philoſophers, have 
endeavoured to ſhow that fire is of a ponde 
rous, gruvitating, nature, and attributed the 
acquiſition of weight in calcination to the ab- 


ſorption of igneous: particles. M. Lavorfier 


hath lately revived Dr. Rey's opinion, and 
adduced ee eee ha afar e to 


Eſfays ſur la recherche de la cauſe pour laquelle 
retain et le plomb r de poids * on les 
calcine. 
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prove ihat this phenomenon depends ſolely 
on the quantity of air that is abſorbed: by" 
metals in the act of calcination, ' But this 
explanation of the matter, how plauſible 
ſoever it may ſeem, appears to me obnoxi- 
ous to many weighty objectiens. The chief 
arguments in ſupport of this opinion are, 
that air is indiſpenſably neceſſary to the cal 


cination of metals; that it is diminiſhed by 
the operation; and that this diminution can- 
not be carried beyond a certain proportion to 


the whole quantity of air employed. 70 


each of theſe I thall briefly ſpeak. ©. 

1. The abſolute neceſſity of air to MN 
cination has been evineed beyond the poſſibi · 
lity of doubt; but the reaſon of it is fl a 
ſubject of diſpute among chymiſts. There 
are few, if any, ſubſtances in nature, whieh 
either alone or in mixture may not be de- 
compounded by the action of fire; but the 


decompoſition of ſome is accompanied by 


flame, of others, by ignition only: In both, 
however, it depends on the feparation and 
diffipation of phlogiſton; and the diverſity 
obſerved in the phznomena proceeds entirely 
from the greater or leſs quantity of that prin- 
ciple and the more or leſs fettered ſtate, in 
n it is preſent. Calcination is therefore 

juſtly 


Ch 4.4 Is, * E of bs 4 * — Ta 4 - — — — 
DK N . ww n . r — << _—— 


\ 
> «> . — x 3 
. "dc 3 — —— «i 2 2 - 4 — * FER as = wy _ 
— * —— T ** 22 8 e — DOEIEN 
— * 0 Tn _ — & va 0 x 4 ; 
5 . a __ : " ö — . * — 1 - . — 
% - =. : — — : TE * n * pas. | N L 7 „ Po 2 as = 
5 ” „5 pi oh y „ _ : 2 
_ „ A . & — 7... —_ - — 2 I K — 24 . a. — 
LO * 8 a4 _ - Sx - * - - © N 2 * = -— 
* _ — „ * . — 2 — — 2 k ” 4 
. 


110: The Blood contains Phlogiſton, 


juſtly conſidered by chymiſts. as a ſpecies of 


combuſtion, or flow inflimmation, and air, 
on the ſame. account, is neceſſary to both 
operations. But why is it neccſſary to either? 
The. reaſon aſſigned by Boerbuave is, that air, 
by its weight and elaſticity, keeps the flame 
conſtantly applied to the combuſtible body, 
and thus increaſes their contact &. M. Mac- 
quer imagines, that air materially concurs to 
the production of flame, and makes a part 
of it l. Both theſe great maſters of the her- 
metic art, ſeem to have miſtaken the true 
principles on which the phenomenon ought 
to be explained. Experiments without uum- 
ber leave no room to doubt that it is neither 
by the weight, nor elaſticity of air, nor by 


being a neceſſary pabulum or food of flame, 


that it contributes to inflammation, but ſolely 
by the mutual attraction ſubſiſting betwixt it 
and the phlogiſtic fluid. The truth of this 
poſition is ſufficiently apparent from the 
changes produced on air, which has ſerved 
to the combuſtion or calcination of bodies. 

24. The moſt obvious and uniform alte- 
ration which air luffers in the calcination at 
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wer, is diminution of its bulk. This by 
Dr. Pri und M. Lavifier has been at- 
hy to an abſorption or precipitation of 
part of that elaftick fluid: and the chief ar- 
gument on which they ground their opinion, 
is the proportional diminution of the ſpecifick 
gravity of the air. A thouſand experiments 
indeed have taught us that atmoſpherical air, 
on being either by inflammation, calcination, 
or any other proceſs, impregnated with phlo- 
giſton, ſuffers a real contraction of its dimen- 
ſions; and inſtead of becoming on that ac- 
count heavier, it becomes conſiderably light- 
er, and this, in proportion to the quantity of 
phlogiſton with which it is charged. But 
various arguments tend to ſhow that this dis 
minution of ſpecific gravity doth not ariſe, as 
the above-mentioned philoſophers pretend, 
from the precipitation of fixed air. It ap- 
pears, from ſeveral of Dr. Prieſtley's own ex- 
periments, that both the diminution of bulk 
and weight happen to air originally produced 
from inflammable air, and even from nitrous 
gas, which contains no fixed air *; an itre- 
fragable proof chat the phenomenon doth not 
depend on the cauſe, to wah that . 
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ponent, and M. Lavoifier; have aſeribed it. 


This concluſion is further corroborated by a 
ſeries of experiments inſtituted by Profeſſar 
Black, with an intent to throw light on the 
ſame curious queſtion. It is notorious that 
metals are calcinable by acids, as well as fire, 
and ſince acids and air accord in nothing but 


their attraction for phlogiſton, it is plain that 
air contributes in no other ſhape to caleina- 
tion, than by its affinity to that principle; and 


hence the atmoſpherical air may be as com- 
pletely ſaturated with phlogiſton, as an acid 
with an alkali: and this is the ſole reaſon, 
why air that has ſuffered its utmoſt diminu- 


tion, is no longer capable of promoting any 


further calcination. 
Dr. Black, to obviate the ambiguity which 


frequently attends chymical operations by fire, 


employed the mineral acids in his experimen- 


tal inquiry into the cauſe of the increaſed 


weight of metallic bodies by calcination ; 
and to preclude every chance of fallacy, he 
got Dr. Irwin, whoſe name is well known 
in the literary world, to repeat the ſame, and 
many fimilar experiments, Two of theſe, 
recited by Dr. Black in his academical lec- 
tures, will ſuffice to ſet the matter in the 


cleareſt point of view. © Having (ſays he) 


« weighed 


— 


/ e 


« och atem eaten of dee. in- 
« totwa phials of a conical figure, I ſet them 
« by, in a cool room, for 24 hours, and 
« found that they neither loſt nor gained any 
« weight during that time. I then weighed 
* out two or. of quickſilver, ane of which was 
gradually added to each of the glaſſes, and 
© after the whole was diſſolved, I found each 
« ſolution heavier than before by ſeven grains, 
« and yet all the time of the proceſs, a ſub- 
© tile vapour was copiouſly emitted, which 
« tinged the upper part of the veſſel with a 
red colour, and filled the room with a ſtrong 
« ſmell of agua-fortis.” 


Dr. Black made a ſimilar experiment with 


flver, which requires double its weight of 
aqua-fortis, and found that an ounce gained 
half a drachm, i. e. the ſolution one ſixteenth 
of its weight, Theſe. experiments are ſim- 
ple, unequivocal, and, in my opinion, de- 
ciſive againſt M. Lavarfier's ſolution of the 
queſtion. I have lately repeated them with 
nearly the ſame reſult; but truſting more to 
Dr. Black's accuracy than my own, have gh 


ven them in his name. 
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require much comment; I ſhall therefore on- 
ly oblerve that the weight, acquired by the 
ſolution, could not poſſibly ariſe from a pte- 
Cipitation of fixed air; and that as, ' inſtead 
of abſorbing any foreign matter, they were 
all the while exhaling a very copious vapour, 
they muſt have ſuffered a very conſiderable 
loſs in their quantity, whilſt they gained in 
their weight, We are too the more inclined 
to believe that the exceſs of weight is not 
occaſioned by the addition of fixed air to'the 
metallic calx, as the acid of ſulphur, which 
may be collected after the combuſtion» of 
| phoſphorus in vacuo, is conſiderably heavier 
than the phoſphorus was *; and none, I 
preſume, will contend, that there can be 
much fixed air in the exhauſted receiver. 
Abbe Fontana has even engaged to prove that 
there is properly no fixed air in the atmo- 
ſphere; and Dr. Prieſiley owns that he ſuſ- 
pects that to be really the caſe. Be that how- 
ever as it will, there ig, certainly no grounds 
for explaining the fact on M. Lavoiſier s 
principles. Profeſſor Brugman ſound that 4 
quantity of iron. filings, which weighed one 
odunce, or * grains, n it was er ref 
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to. the; fire, after eleven Pinion was in- 
creaſed, in weight 149 grains“. 

It appears, from ſome perimenm made by 
Dr. Reebuck, in the preſence of ſeveral of the 
moſt noted philoſophers in this kingdom, that 
an iron cylinder weighing 55 pounds, after be- 
ing heated to a white heat, and allowed to cool, 
increaſed in weight fix penny-weights ſeven- 


teen grains f. Mr. Whiteburft has likewiſe 


publiſhed ſeveral experiments on ignited bo- 
dies, the reſult of which is in every reſpect 
ſimilar to the former ||. The bodies, when 
heated, became apparently lighter, and after 
being ſuffered to cool, had their weight very 
conſiderably augmented. But, as in none of 
the above inſtances ſo much weight could 
have been acquired by the abſorption of air, 
without it being condenſed in Profeſſot Brug- 


man's. experiment . at leaſt, 700 times more 


than uſual (a thing highly improbable in ſo 

intenſe a degree of heat) ; and farther, as - 
this ingenious chymiſt found that the only 
condition neceſſary, in order to the augmen- 
tation of the weight of iron by fire, is, that 
its Phlogiſton be diſſipated, we have no other 


6 W ſeu de affinit, magnet, obſervat. 
t Phil. Tranſ. vol. LXVL | | 
idem. 
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way of accounting for this fingular pheno- 
menon, than by ſuppoſing that phlogiſton 
diminiſhes the abſolute gravity of the bodies 
with which it is combined. This is no doubt 
a bold opinion, but will not be eſteemed a 
groundleſs hypotheſis by thoſe, who reflect 
that merely by reſtoring phlogiſton to ſuch 
ſubſtances as had become ſpecifically heaviet 
on being deprived of it, we reduce their 
weight to its primary ſtate. This circum- 
ſtance at leaſt appeared ſufficiently cogent to 
thaſe truly ingenious philoſophers, M. Vene, 
M. Merveau, and Dr. Black, to make them 
conclude that the increaſe of weight is owing 
ſolely to the laſs of that principle . 


Nothing is mote obvious than that the diminution 
of weight, in conſequence of the addition of phlogiſton 
to bodies; is very different from an apparently ſimilar 
effect produced by the addition of a light elaſtick body 
to one of greater ſpecifick gravity. Thus a- picce- of 
lead, which by itſelf would immediately fink. in water, 
if joined to a ſufficient quantity of cork will ſwim on 
the ſurface, Here indeed the weight of the lead is ſeem- 
ingly diminiſhed, but is not ſo in fact; for, on ' weighs 
ing the veſſel with the water, lead, 0 cork, we find 
that it is exactly the weight of the cork heavier than 
before. The caſe is otherwiſe where phlogiſton is ad- 
ded, for 110 pounds of calcined lead are, by the teſtitu. 
tion of this principle, reduced te 90 pounds 3 t this, 
whether weighed in water or in air. 1 1 


It 
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It is not without reaſon that we are back. 
ward in believing what appears to us contra- 
ry to the general phænomena of nature; but 
it is the duty of every lover of truth not to 
ſoffer himſelſ to be fo much actuated by that 
ſtrong propenſity, which induces us to refer 
all knowledge to certain principles, as to ſup- 
poſe the laws of nature fewer and ſimpler 
than they really are. From this impatient 
deſire of generalizing, has ſprung the too 
haſty reduction of ſcience into ſyſtems, which 
is one of the chief cauſes that have retarded 
the advancement of natural knowledge. For, 
though on a ſuperficial ſurvey of the works 
of nature, ſne may ſeem to have uniformly 
operated on the ſame plan, yet, when we 
contemplate her - with more attention, and 
inveſtigate with more accuracy the mode and 
ſyſtem of her operations, we are then no leſs 
aſtoniſhed at the variety of the defign, than 
at the multiplicity of the means of execution. 
The /ancients expreſſed leſs aſtoniſhment 
than we do, at the facts which they could 
not explain. What to us appears an inex- 
plicable paradox, becauſe it does not perhaps 
tally with the fappoſed laws of motion and 
gravitation, was to them no more than a new 
It 6 man 
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man can only perceive a few; of the moſt ob- 
vious ſprings employed by nature in carrying 
on her various operations, and therefore pro- 
nounced it pre ſumptuous in him to think of 
limiting her to a definite number of princi- 
ples of action. But theſe ſages carried their 
circumſpection and diffidence to an improper 
length, for by thus diſcouraging an active ſpi» 
rit of inquiry, they effectually checked the 
3 of natural ſciencqe. 
lt is of the utmoſt importance in -philoſaphy 
Fes aſcertain, as accurately as poſſible, the more 
general powers in nature, and to determine 
their cauſes, and trace their conſequences q for 
as the phænomena of nature are infinite, and 
the faculties of the human mind, particular- 
iy. the memory, are limited, hen theſe phe» 
nomena are conſidered as unconnected with 
other facts, they convey but little inſtruction. 
The infinite is not the object ot ſcience ; and 
therefore, till the laws of nature be known, 
by a careful obſervation of individuals, and 
an accurate induction from them, no progreſi 
can be made in natural philaſophy. | Hence 
the negeſſity of collating and connecting cor- 
reſponding facts, and the advantage of redu- 
cing them to certain general principles, and 
m thels.10. account for other phæno- 
me na 
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mena; tor chus, by a flow- and cautious i in- 
duction, we may advance to a knowledge of 


the moſt Venen! laws that regulate the ſyſ- 


tem of nature. But though we be wartant- 
ed to conſider all the phenomena that we 
find connected with theſe general laws, and 
manifeſtly depending upon them, as ſo many 
facts explained, ſo many truths known and 
underſtood, yet we ought not to overlook 
ſuch phænomena, as are not reducible to 
thoſe general principles, but ſhould view them 
as ſimple and ſeparate facts, and treaſure them 
up till a more enlarged experience, and more 
accurate obſervation lead us to the diſcovery 
of the powers of nature, to which they ry | 
be referred, 

No, as there are W concur- 
ring obſervations, and ſuch a multitude 
of facts, tending to prove that bodies be- 
come ſpecifically heavier by being deprived 
of their phlogiſton, does it not neceſlarily - 
follow, that this principle is exempted from 
the common. laws of gravitation; and that, 
when modified in bodies, it diminiſhes their 
centripetal force. This hypotheſis, which is 
ſeconded by numberleſs facts and experi- 
ments, affords at once an eaſy ſolution of all 
our difficulties; and, for my own part, I am 

perſuaded 
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perſuaded that ĩt is merely in. conſequence of 
aſſociation, that we ſuppoſe all bodies of g 
ponderous gravitating nature; for 4 priori i 
is certainly as eaſy to conceive that a body 
ſhould have a tendency from, as to the cen: 
ter; and why not ſuppoſe the phlogiſtick 
fluid poſſeſſed of that particular property, 
ſince in a thouſand other no leſs material cir+ 
cumſtances, it is eſſentially different from 
every conſtituent. of terreſtrial bodies. 
This ſuppoſition. is not only rendered highly 
probable, from phlogiſton being the manifeſt 
| Cauſe of the volatility of bodies, but alſo 
from a contemplation of the phænomena of 
light, That ſubtile, active fluid, which is 
nothing elſe than phlogiſton under that form 
Which renders objects viſible to us, is emitted 
from the ſun, with ſuch an amazing velocity; 
as not to be accounted for on any principles 
of motion hitherto aſcertained by 
phers; but if we allow the phlogiſtic fluid, 
under the form of light, to poſſeſs the fame 
properties as when modified in bodies, 1 
mean, if we admit that it is endowed with 
a centrifugal force, or power, contrary to that 
. of gravitation, the problem is at once reſol- 
ved. It is an indiſputable truth, that the 
terraqueous globe is not the center of (gravity 
I to 
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to any body in the folar ſyſtem, except the 
moon; each of the primary planets deſcribe 
an elliptick curve around the fun, and arc 
accelerated in their motion as they approach 
to him, and retarded. as they recede from 
him, Now, if we admit the materiality of 
light, it ſhould, according to the more ge- 
neral laws of matter, gravitate towards that 
common center, and inſtead of moving 
through the vaſt regions of ſpace betwixt 
the earth and orbit of the ſun, at the rate 
(according to the Newtonian calculation) of 
fifteen hundred thouſand miles in a minute, 
its velocity, in conſequence of the centripetal 
force inceflantly acting upon it in a contrary 
direction, ſhould certainly be infinitely leſs 
conſiderable. But if we ſuppoſe light to 
have a tendency to recede from the center, 
the difficulty immediately vaniſhes, and on that 
principle, we in ſome meaſure can account 
for its almoſt incredible velocity. It is at leaſt 
an undoubted fact, that the intenſe quantity 
of motion, with which light is emitted from 
luminaus ſubſtances, does not depend on any 
projectile power in them, but on ſomething 
intrinſic and inhexent in the nature of that 
fluid; far it darts with equal velocity from a 


2 and from the great luminary, 
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by the emanation of whoſe beams, the whole 
ſyſtem of beings around us is Ne ew. and 
rendered viſible. 


Before I diſmiſs the ſubje& it may not be 
improper to obſerve, that the opinion, Which 


-I wiſh to eſtabliſh, is by no means ſo diſſo- 
nant from the doctrine of Newton as may at 


firſt appear. - That incomparable philoſopher 


was, from various phenomena, led to con- 
clude that matter is endowed with two oppo- 


ſite qualities, an attractive and repulſive power. 


Both theſe he aſcribes to the action of the 
ethereal medium, which, by the power of 


its elaſticity, he ſuppoſes to fill up the whole 
regions of ſpace. It is therefore plain, that 


Sir Jaac not only believed that the particles 


of matter, when placed beyond the ſphere 
of each other's attraction, poſſeſs a centrifu- 


gal tendency, but even imsgined that pro- 
perty to depend on the ethereal fluid. Whe- 


ther this tendency of the ether, which I ac- 


count the ſame agent as phlogiſton, be ſup- 
poſed to proceed merely from its extreme 


elaſticity, or from its being endowed with an 
inherent power, contrary to that of gravita- 
tion, by which it is in an inceſſant niſus or 
effort to recede from the center, is a circum- 
tance of little importance to the doctrine 
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propoſed: but, whatever be the material be- 
ing or cauſe of gravitation, it ſurely. were ab - 


ſurd to ſuppoſe it of a ponderous gravitating 


nature; for, on that ſuppoſition, a third a- 


gent would be requiſite to be the cauſe of its 
gravity. The ſubſtance then on which gra- 
vitation depends muſt neceſſarily be exempt 
from gravity. But how is that wonderful 
operation performed ? Is gravity the effect of 
external impulſe, or is it an inherent and eſ- 
ſential property of matter? The latter opi- 
nion ſeems at preſent to prevail, but the for- 
mer is that to which the great Newton, incli- 
ned *; and indeed to me it appears incum- 


bered with fewer difficulties. Did the acce- 
lerated motion of falling bodies entirely 


depend on the mutual attraction betwixt them 
and the center of the earth, the accelerations 
in their velocity ſhould be proportioned, not to 
the time elapſed in deſcending, but to their 
approximation to the attracting power. But 


as the. contrary happens univerſally ; and far- 


ther, as bodies, in vacuo, of the moſt un- 


equal gravity deſcend with the ſame velocity, 
there, is a ſtrong preſumption that the chief 
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cauſe of gravity is an external impelling. 
power; and is, according to the Newtonian. 
ſyſtem, effected by the ſubtile medium preſ— 
ſing on the ſurface of groſs bodies, and im- 
pelling them into thoſe ſpaces where its den- 
fity is leaſt. That all bodies, however, 
according to the quantity of matter they 
contain, and the nature of their conftituents, 
exert to a certain diſtance an attractive force: 


J readily allow, and even believe, that it con- 


tributes not a little to the phenomenon of 
gravitation as well as cohefion : but this will 
more cleatly appear, when I treat of the ce- 
menting principle in bodies. | 
Several other particulars, favourable to the 
opinion I have hazarded, on the diminution 
of weight by the addition of phlogiſton, 
might hefe be mentioned, which are reſerved 
to a ſubſequent part of this eflay, when I 
hope to evince the identity of the Newtonian 
ether, the eélectrical aura, materia ſubtilis, 
fire and light, with that elementary principle, 
an agent whieh, from the moſt obvious phæ- 
nometia, appears to pervade all nature, to fill 
all things, and to communicate to chem what- 
ever lite and activity they poſſeſs. By the 
ancient and more ignorant chymiſts, it was 
denominated the - ſulphur principle, and has 
by 
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by the modern been ſomewhat . improperly 
ſtyled phiogi/ion, which ſignifies in ammable; 
I fay improperly, for it is not inflammable in 
itſelf, any more than fixed air is efferveſcent; 
but it is a conſtituent part of a compound, which 
being ſet looſe, cauſes: by its flight the phæ- 
nomena af inflammation, juſt as by the eſcape 
of fixed air, what is called. Ferveſcence, is 
produced. Stabi and Dr. Black have, with 
more propriety, called it the principle of in- 
flammability ; hut, in order to avoid all ap- 
pearance of ſtiffneſs and affectation, I have 
made, and ſhall mal ule, of both names 
indiſcriminately. 

That ſuch principle, « as has . now 
deſeribed, exiſts in the animal body, is de- 


monſtrable from numberleſs facts and experi- 


ments. We are convinced of the preſence 
of the phlogiſtio fluid in all animal ſubſtan- 
ces, not only by their readineſs to be infla- 
med, but alſo by the ſureſt of all teſts, their 
teſtoring that principle to ſuch bodies as have 
been deprived of it. A variety of other cir- 
cumſtances tend to corroborate the ſame fact. 
It is well known that animal ſubſtances, par- 
ticularly during the putrefactive proceſs, fre- 
quently appear luminous in the dark; and 
that, I maintain, is ſolely to be A” 
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matter. Many experiments 
eſt evidence of its preſence in the common 


vapour is more pungent in carnivorous than 


De Haller found it to be the ſame as, the 
What, à priori, we ſhould have ſuppoſed *; 


acid or alkaline nature, their pungent and 


| giſton is the chief ingredient. There is at 
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the extrication of the principle of inſlamma- 


bility under one ot its leaſt ambiguaus forms, 
that of light. This concluſion, it ſeems al- 
lowable to deduce from the large quantity of 


mflammable air, which may be collected, a8 


it riſes, from putrifying maſſes of animal 
afford the e- 


maſs of blood. From blood recently. drawn 
an halitus or vapour is obſerved to eſcape, 
which being received into proper veſſels and 
condenſed, is found to be a limpid water 


impregnated with native phlogiſton. This 


granivorous animals, and even inſtances are 
not wanting in the annals of phyſic, in which 
it proved fatal. On chymical analyſis, M. 


matter of Perſpiration; and that indeed) is 


for as neither it, nor perſpiration, are f an 
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other ſenſible qualities evidently depend on a 
highly attenuated oily matter, of which phlo- 
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ſpect to perſpirution, a appears from the 
ſtrong ſcent chat is conſtantly ſmelt after pro- 


fuſe ſweats in fevers; and alſo from dogs be- 


ing at all times able, by means of this odour, 
not only to diſtinguiſſi one ſpecies of animal 


from another, but an individual, from every 


other of the ſame ſpecies; and all chymiſts 


agree that ſmell depends upon the phlogiſtick 
fluid, varying only by means of the different 


ſubſtances with which it happens to be com 


bined; But what puts this opinion beyond 


all diſpute is, that if a piece of ſilver be kept 
in contact with our fkin, it will be as ſoon 


blackened, as if it had been expoſed to: the. 


principle of inflammability eſcaping from bo- 
dies in any phlogiſtic proceſs; and what is 
equally 4 Dr. Prieftley found, on 
putting pieces of the craſſamentum of ſheep” 8 
blood into dephlogiſticated air, that in the 
ſpace” of twenty-four hours, ſo much phlo- 
giſton was communicated to this pureſt of all 
Kinds of Jus — it t Feen unfit for reſpira- 


ban e 


It is ae not only evident that the 


vapour, which eſcapes from blood recently 
drawn, is the ſame with that, which is con- 


* Philoſoph, Tranſ. vol. LXVI. 
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Nantly flying om every pore of the vital 
frame, but alſo chat abe principle of inflam- 
mability enteta as a chief ingtedient into its 
compoſitich, and conſtitutes all. its ſenſible 
qualities. "Since then ſo many ſtrikiag fads 
concur in evineing the preſence of phlogiſton 
in the animal body, and as nothing nouriſhes 
but what contains it, it will nat, I apprehend, 
admit of a doubt that by the digeſtive powers 


it is extricated from the aliment, under the 


Form of an emulſion, is taken up by the la- 
teals, carried into the courſe: of circulation. 
and conſequently that — _ 
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T is not enough for my purpoſe to have 


evinced the preſence . of the phlogiſtick 


fluid in the circulating maſs, in ſo fixed and 


fettered a condition as merely to conſtitute a 
component part of it, but it is alſo neceſſary 


to ſhew that the ſame principle is evolved by 


the action of the blood-veſlels, and exiſts in 
the animal body in a ſeparable and active 
ſtate, It will not, I foreſee, be an eaſy mat- 


ter to bring a full demonſtration of this pro- 
poſition from any ſingle fact; but from an 


attentive conſideration of a ' multiplicity of 
circumſtances taken together, I hope ro ren- 
der it highly probable, not to * abſolutely 
certain. 

It it can FR eſtabliſhed as a matter of fact, 
that the colour of the animal fluids is inti- 
mately connected with the ſtate of their phlo- 
1 and eſpecially, if it be ſhown that 
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lour, inclining to green; is exceedingly bit- 
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colour abſolutely depends upon that princi: 


ple, there will be very little room to doubt 
that the phlagiſton preſent n the blood is 
evolved, and brought into a more active ſtate 
by the action of the circulating. , powers: 


Sinte all the fluids of the body ard pritrtartly- 


derived from the eommon maſs of blood; 
very properly ſo called, as either formally or 
materially containing every part of them; 
and ſince they by conſequence, how diffe- 
rently ſoever they may be modified by the 


various proceſſes of ſecretion and ſtagnation, 


which the purpoſes of the economy require 
them to undergo, partake univerſally of its 
nature, it will certainly ſufficiently eſtabliſh 
my poſition, if any one fluid in the body can 
be produced, the colour of which is proved 
to depend on the proportion and condition of 
of the principle of inflammability, which it 
contains; and Dr, Maclurg, by a courſe of 
very ingenious and accurate experiments, has 
in the: moſt ſatisfactory manner rr. 
the bile to be ſuch a fluid, —_ 

The bile is a very remarkable ſecretion in 
the animal economy, and its nature and uſe 
have been a ſubject of great difpute. It is a 
fluid ſome what viſcid, of a deep yellow co- 
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ter, has a ſmell peculiar to itſelf, and a'flight 
degree of aromatic flavour; | it is neither acid 
nor alkaline when - frefh ;-- it readily unites 
with water, and thus combined mixes with 
oil, and is in every reſpect a powerful pens- 
rating ſoap, The-bile; at firſt, appears ho- 
mogeneops, and undergoes no ſpontaneous 
ſeparation hefore ſome degree of putrefaction 
has taken place, When dried, it flames in 
the fire, and burns almoſt all away; it diſ- 
bolves all gums and reſins, and painters, for 
this reaſon; uſe it in their pigments.” The 
viſcidity and othet᷑ ſenſible properties of the 
bile vary much according to age. In the 
fetus it is deſtitute of taſte and ſmell; in the 
ydult-it- has both in a high degree. I have 
premiſed this ſhort account of the bile for 
the ſake of thoſe, who may: not be much 

converſant in Phyſiclog y. 
Dr. Macturg has written a ey ingenious 
3 upon the bile; and ſeems to have 
prounded all his deductions on facts and ex- 
ente He found that ſtrong ſpitit of 
ptodueed an inſtantaneous coagulation; 
bur-the coagulum ſoon diſappeared, being 
tiflalyed by the acid, and the mixture aſſu- 
med a green colour. Strong ſpirit of nitre 
r at firſt a coagulation, and then a 
R 2 Whey- 


cCoagulable matcer ; and, as that part is high. 
ly inſſammablc and not ſoluble in water, but 
is partly diſſolved by ipirit of wine, it ha 
been generally accounted. by phyſiologiſts of 


is pretty much the ſame with the coagulable 
lymph, or gluten of the blood, nh is gea- 


dily cpagulated by acids and alcohol, and may 
be ſeparated from * other ingredients: of 


| colour.of 
by. the ,dulcified-ſpirit of nitre ;. for. the coa · 


gulum, which falls to the bottom. is on that 
occaſton white; and the 7 — 


by the 5 5 of phlogiſton in a 
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hey · coloured ſolution, which depoſited a 
whitiſh ſediment. By weak Nitrous acid ap- 
;plicd to the bile, an el. ſtick vapour et a 
ble flame colour was produced, which turn- 


dd to green, provided that the phial was kept 
ſhut ®, From theſe experiments we may ater 
that the. bile contains af large proportiui.of 


a treſinous nature. It is however much more 
probable, that the coagulable part ot che bile 


Ys. ſecretion. n HE At; 
The foregoing. charming ſhow, . thatuthe 
the bile may be perfectly extracted 


the mixture aſſumes, is evidently en 
Of 


"4 ert ee Ble. 7 F 41886 # 
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to occur in the; ſolntzen of ſeveral. metals by 


green, from the looſe phlogiſton uniting 
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e emits 
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is ** * what is abſeryed 


means of the pale ipirit of nitro, which uni- 
formly receives a blue colour i x/ to 


itſelt to the acid, and changing it ta as vo- 

latile nitrous acid. On this occaſion: it is 
likewiſe obſerved, that if the flame: coloured 
.claſtic vapour be confined and obliged to mix 


itſelf with the ſolution, the. green colour re- 
turns, as in the caſe of the bile, which 


does nn it een to e- 
e 7 9 n At 44 5 *20 3 


-ohe — Jodie in tanto depends 


on the, principle of inflammability, yet it may 


in general be remarked that all ſubſtances, 
on being deprived of it, either Joſe their ori- 


ginal colour entirely, or have it materially al- 


tered. This is the reaſon why the degree of 
whiteneſs in the .calces of metals is the ſureſt 


indication of the degree of calcination. The 


;lame notion is farther illuſtrated by a remark- 


able citcumſtance, which all chymiſts. muſt 
baxe obſerved. in comparing the two ſpirits of 
Mitre. The one is of: a red colour, emits a 


ſuffocating ſteam, and tinges the phial of an 
* colour; the other is pellucid, and 
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emitꝭ no vapour; but on adding a fem drops 
of ether, ſteams immediately: begin 10 ariſe, 
and the. colour deepens into red : an effect, 
which very evidautly proceeds from the phigy 
giſton contained iu the ether. Dr. Frigſig 
recites ſevera} experiments, ; which ſhewi that 
it 3s only when the Htrous adid becomes, ig 
ome: meaſure, phlogiſticated, that it aſſumes 
a deæp orange colour; and that the leſs phloꝶ 
giſtun it has, the paler it always is , I ſhall 
aſterwaxils have occaſion to prove that veger 
ubles . their colour to that principle; and 
is it not highly in favour of the opinion in 
gdneral, that the electrical aura, which I ac: 
tonne the phlogiſtic fluid in its pureſt ſtate, 
ſheum as beautiful priimatick colourp, as amy 
that are exhibited by the rays of the ſun? ne 
-: Several phykiologitts haue aſcribed the e- 
Hut of the bile to à ſmall portion of iron 
Wiſzoyetable: in it by chymical enblyſie; but 
bare id no<igbod reafon- for admitting that 
ſuppoſition; far a ſolutlon of galls; added 60 
2 mixture of bile and ſpirit of nitre, ſtrikts 
no black colour, which * certaifly would dt 
were. its colour. owing” to the iron preſent 
It. 10 9 80 calouring- matter is evidently the 
ſh 10 $55 . 3-23 053 9) [340d 
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fame with that, which gives the 
bitter taſte; ſince we find both colour and 
taſte extracted from it; and reſtored to it, hy 
the ſame menſtruum; and both, we pre- 
ſame, are ultimately to be afcribed to the won- 
derful and univerſal prin 
owe their ſplendour, ductility and clafticity; 
and to which the moſt active part of vegrta- 
bles (their eſſential oils} owe their peculiar 
diſtinguiſhing properties; ts the phlogiſton a 
ſhort, without which, what we cult body 
would remain-an inactive, paſſive, incoherem 
calx, but which is of ſo ſubtile a nature that 
it is only diſcovered by the effects produced 
fo the ſubſtances with which it is combined. 


is from thoſe effecis, we leatn that it is 


preſent in the bile; and from its phænomena 
with the mineral acids, that it is in a ſtate 
ſimilar to that, i in which it e 
tals, 


1 e Hiland apt 


pound fluid; its i fuidiey depending on watery 


its colour and taſte upon a large propoctiom 
of the principle of inflammability, and ite 


viſcidity on the coagulable lymph. The 


Vlood and the bile therefore are in tlixit na- 
ture analogous ; but the union of parts ſeems 
more complete in the bile, as no ſpontaneous 


ſepa- 


ciple, to which metals 
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they effect very ſtriking changes. 


for my hypotheſis, is well known to depend 
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ſeparation takes place. There is likewiſe a 


and experime:its tend to ſnow that the prin- 
ciple of colouring matter in the blood is the 
ſame as in the bile. The phlogiſtic fluid in- 
deed, on which both depend, appears to be 
in a ſtate ſomewhat more fixed and concen- 


trated in the bile, than in the blood, from 


the red globular part of which it is prepared 
but if we reflect that ſtagnation and fermen- 
tation very frequently produce new bodies, 

we certainly cannot be ſurpriſed to find that 


The colour of the blood has been generally 
aſcribed to the quantity of oil which it con- 
tains ®; and indeed, from my manner of ex. 
plaining the matter, the colour and oily part 
are no doubt intimately connected; for tho” 
I do not find that the red particles, on a chy- 
mical trial, afford more oil than the coagu- 
lating lymph, yet colour, which is enough 


| 
t 
t 
t 
L 


more on the particular ſtate ot phlogiſton, than 
on the quantity preſent. This appears from an 
experiment related by Dr. Prieftley, in which 
he filled a 12 5 tube with the nitrous 12 7 
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vapour, and on approaching, one end of it 
to the fire, the vapour became in that end 
iutenſely red, while that contained in the reſt 
ot the tube continued of a much lighter « co- 
lour *; and what is not a little remarkable, 
the changs. of colour. was al together inde⸗ 
pendent; of gravity, or condenſation; for, 
whether it was held upwards or downwards, 
the part that was hotteft was always reddeſt; 
the redneſs here was; the proper effect ol heat 
on the e phlogiſton of the vapour. Tue caſe is 
nearly. the ſame with reſpect to the ipnition of 
metallic. bodies, which, without receiving any 
phlogiſton 46 extra, become intenſely red 
merely by friction ſufficient to excite, into 
action what they contain of that principle. 
It may therefore be very juſtly concluded | 
that the colouring matter of the vital fluid, 
as well as that of the bile is really phlogiſton, 
though this principle in the former may be 
in a ſtate ſome what more looſe and Cale”. 7 
than in the latter, Which is a fluid much 
more elaborate. 

There is therefore, in my opinion, a ſcale: 
of fluids, the chyle, the blood, and the oy 
which are all ſimilar, yet all different. | . is” 
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their common charaQer to contain a cage. 
lable matter combined with another, 
has phlogiſton for its chief ingtediert. In 
the chyle this principle is ſo fettered By its 
union with other matters, ab to bear very 
nearly the form of vegetable expreſſed Oils; 
and it ſeems to be gradually evolved- by the 
action of the veſſels, and at length in the 
blood gives evident indications of its being 
prefent in a more ſimple and active ſtate. 
The chyle, when firſt taken up by the lac» 
teals, is a bland white floid: on mixmg with 
the general maſs of blood, it acquires a light 
florid colour; but it has ſcarcely undergone, 
for a few tevolutions. the action of the cir- 
culating powers, when it deepens into a dark 
red. This, I apprehend, is a ſtrong proof 
that the colour of the blood depends upon 
phlogiſton ; and the gradual deepening of it 
is an evident indication of a further evolution 
of that principle, On what other grounds 
can we with ſo much ſimplicity and proba- 
bility account for the progreſſive change of 
colour? Why call in the aid of matters, the 
very exiſtence of which in the animal floids 
is univerſally acknowledged to be donbrul 
and obſcure? Nothing, however, affords a 
ſtronger evidence of the principle of inflam- 

mability 
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expedite, and even to effect the trajection of 
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mability being evolved by the action of the 
ſanguiferous gen. than the phenomena of 
reſpiration, 3s 

Reſpiration, is a  funtion ſo immediately 
connected with life, that no animal . 
with lungs, after it has once breathed, can 
ſubſiſt for any length of time without it. It 

conſiſts in an alternate dilatation and contrac- 

tion of the tharax, hy which air is alternate» 
ly admitted and expelled. from the lungs, 
Reſpiratian in general takes place without any 
influence of the ſentient principle, and is ag 
ſpontaneous as the action "fs heart, and 
inteſtines ; but on particular occaſions, when 
far want of a freſh ſupply of air an uneaſy 
ſenſation is occaſioned, we are then conſcious 
of a propenſity to bring the organs of inſpira- 
tion into play. 

What uſe reſpiration is of to the animal 
economy 3 and what change the fluids. un- 
dergo in paſſing through the lungs ; or, by 
what means the ſuppoſed changes are produ- 
ced, arg queſtions, which in all ages have ex- 
erciſed the ingenuity of naturaliſts, and (till re- 
main ſuhjects of debate in the ſehools of phy- 
ſic. All indeed agree that the alternate diſten- 
tion and collapſing of the lungs are neceſſary to 
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the blood through them. But, as Haller 
very juſtly obſerves, the uſe of reſpiration: is 
different from this neceſſity, which nature 
might have avoided, either by uſing no langs 
at all, or elſe by diſpoſing them in a- man- 
ner reſembling thoſe of the fœtus. The 
uſe, therefore, of reſpiration muſt be very 
cenſi derable, ſince, as we formerly ſhewed, 
all animals are either provided with lungs, 
gills, -or ſome ſimilar mechaniſm, by which 
air is alternately admitted'and expelled. A 
thouſand various hypotheſes have been offer- 
ed to explain this matter, the chief ot which 
I ſhall briefly mention, and refer the reader 
to Dr. Haller's very learned work for à full 
detail of the reſt k. oo 

Hippoerates ſeems to have accounted air a 
ſpecies of aliment abſolutely neceflary to the 
life of breathing animals +. The opinion, 
however, which ſeems to have prevailed 
longeſt and moſt univerſally among the anci- 
euts was, that reſpiration is chiefly intended 
to temper the blood, and carry off the fuli- 
ginous vapours, with which it was Joaded 
| by the vital fire 1 kepe 5 in the 


* Elementa pos. 
t ni. Prom, 
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heart. This byp6thefis was ſtrenuouſly ſup- 
ported by Galen, and revived by Heſcartes. 
Brrrelli- reckons the great uſe of reſpiration 
to conſiſt in the admiſſion and mixture of 
ai- with the blood, in order to form thoſe 
daftic ꝑlobules, of which it is compoſed; to 
give it is florid redneſs, and to prepare it for 
mary purpoſes of the economy. Several 
later phy ſiologiſts have maintained that ait 


itte, Or at Lell ſomettiing extracted from it, 
a nitro-acrial matter, is by inſpiration con- 


veyed into the mals of blood, by which its 
elaſticity is increaſed, and its fluidity, inteſ- 
tine motion, and heat, preſerved. * Some 
aſcribe the animal ſpirits and muſcular mo- 
tion to certain ethereal and active particles 
taken in along with the air. Others, who 
deny that the animal ſpirits are generated 
from the air, admit that ſome pabulum vite, 
or vital principle, is derived from it. Mal- 
pigli ſuppoſes this principle to be a ſaline 
vapour; Liſler, a hot inflammable ſulphure- 
ous ſpirit ; and Bryan e the er 
aerial acid . | 
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It appears from, various paſſages in Dr. 
Holey's ſtatical experiments, that he believed 
that the req globules acquire conſiderable. de- 
grees of elaſtick vibrations, if not an elec- 
trical virtue, in paſſing through the lungs; 
for, ſays he, while by the extraurdinary fric. 
tions they undergo, they are much heated 
and dilated, they are at the ſame time re- 
frigerated and contracted by the freſh air 
that is continually taken into the lungs ; far 
the coats of the veſicles are ſo extremely 
thin, that thoſe two fluids are ſuppoſed to be 
one thouſandth part of an inch within con- 
tact of each other, ſo that like blended li. 
quors, they muſt. needs have a coaſiderahle 
effect upon one another; the air in cooling 
the blood, and the blood in warming the 
air u. Dr. Hales is likewiſe of opinion, that 
the red colour of the globules intimates their 
abounding with ſulphur: that the air is regs 
dered alkaline by breathing, and that ſuffo- 
cation is owing to the callapling af the mi- 
nuts yeſicles of the lungs, in conſequence of 
the confined air being deprived of elaſticity, 
and the contraction occaſioned by the ſtimu- 
lating ſulphureous vapour. Sheer x” 


„ Hemaſtaticks, Vol. II. 5. 97, & paſim. 
Haller, 
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Haller, from comparing the-blovd of an 
adult petſon with that of a fœtus, and alſo 
with the ſame vital fluid in fiſhes, 1 | 
he has diſcoveted the final purpoſe of reſpi · 
ration in man, and other analogous animals, 
In the human fœtus the blood is deſtitute of 
its florid redneſs, and ſolid denfity ; and in 
fiſh it has neither heat nor denſity; * and 
* therefore ( ſays he) all thoſe properties, par- 
« ticularly heat, we are, by the nature of 
« things, perſuaded, the blood arquires in 
er the lungs.” In corroboration of this opi- 
nion, he aſſures us that all animals furniſhed 
with longs, have thew blood commonly 
twice as warm as the citcumambient air; and 
this he aſcribes to the violent attrition and 
preſſure to which the blood is ſubjected in 
paſſing through the lungs . Theſe mecha- 
nical powers, however, do not in fact take 
place, nor are their fuppoſed effects confiſt- 
ent with found philoſophy. 

A late ingenious writer, Mr. Cigna of 
Turin, endeavours to ſhow that air, which 
has been once inſpired, becomes unfit for für- 
ther reſpiration, in conſequence of noxious 
vapours, with which it is loaded; and ſup- 


* Elem, Phyſiol. 
poſes 


144 The Aftion of \the Blwd-V ſol 


poſes that it kills animals, in the ſame man- 
ner. as all mephitick vapours, by Exciting 4 
convulſion i in the lungs, and thereby iniped- 
ing the trajection of the biood thro' them *. 
It is ſome what remarkable that Mr. Cigna, 
after evineing by:t the moſt deciſive experi- 
ments that the florid colour of the blood i cau- 
ſed by the contact of the air, ſhould, iu a ſubſe- 
quent memoir, ſeem inclined to deſert that opi- 
mon, and aſcribe this effect to the evaporation 
of the watery parts of the bluod in its paſſage 
through the pulmonary ſyſtem. - It was ge- 
nerally believed that the florid colour at the 
ſurface of blood ex poſed to the air, and the 
dark colour of the lower lauinæ, Was Occa- 
ſioned by the different proportion ot the 1cd 
particles on the ſurface, and at the bottom. 
That opinion, however, though taught by 
men ot the firſt abilities ||, is by no meals 
probable ; for the fibrous part, or gluten of 
the craſſ.mentum, coagulites by much too 


firmly to allow bodies, even heavier than the 


red globules, to pravitate through it. but 
what ſets the matter beyond all doubt, is, 
that Mr. Cz igna, Mr. Hewſon, and Dr, Pricjtley 
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Miſcel. Turin. Vol. l. 
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have 


\ — 
— cx 


— 


Cc ² + p-.,0 0 HO Þ» WW W©& 2 


_ evobve Phlogiſton, * - Ut 


have, by the moſt concluſive experiments, 
ſhewn' that the air has a power of changing 
the colour of the blood. . All theſe gentle- 
men found that by inverting the craſſamen- 
tum, the lower laminæ, which were before 
black, on coming into contact with the air, 
conſtantly aſſumed a florid colour. The na- 
ture and cauſe of that change, I ſhall after- 
wards have an opportunity of explaining at 
ſome length. With reſpect to the uſe of 
reſpiration, Mr. Cigna ſeems inclined to think 
that as fuch lungs as thoſe of man are given 
to the warmer animals only, the grand and 
ultimate purpoſe of reſpiration is to promote 
an exhalation from the lungs, and thereby to 
refrigerate the blood. 

It will not be neceſſary to enter on a criti- 
cal diſcuſſion of the merits of the ſeveral 
opinions above-recited ; it being ſufficient for 
my purpoſe to obſerve, - as every unbiaſſed 
phyſiologiſt muſt, that there is not one of 
them, which affords a ſatisfactory explana- 
tion of the phznomena, or purpoſes of reſpi- 
ration ; and therefore we will dwell no longer 
upon them, but immediately proceed to offer 
ſuch a ſolution of this important phyſiologi- 
cal problem, as ſhall, it is hoped, be found 
more conſiſtent with facts and experiments. 

„„ Philo- 
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| Philoſophers agree univerſally that a con- 
ſtant renewal of air is no lefs neceſſary to re- 
ſpiration, than to inflammation z and that in 
both caſes, the air undergoes a change, by 
. Which, it is rendered utterly unfit for either. 
But in what particular maaner air cantributes 
to ſupport the life of breathing animals, and 
on what account, after being frequently re- 
ſpired, it becomes ſooner fatal to them, than 
an abſolute vacuum, is a queſtion, which, 
though the ſubje& of much ſpeculation and 
enquiry among naturaliſts, continued till late- 
ly to elude every inveſtigation. It is now, 
however, proved to demonſtration that com- 
mon air by contributing either to the inflam- 
mation of combuſtible bodies, or by paſſing 
through the lungs of animals, is converted 
into that particular kind of air, which has 
been generally denominated fixed, or mepli- 
tic; but may, with equal propriety, and leſs 
ambiguity, be called phlogr/izcated fixable air, 
for it ſnall not only be ſhewn that it contains 
phlogiſton, but likewiſe that in a ſeparate 
ſtate it is an active elaſtic fluid, though of 
ſuch a nature, as by certain proceſſes to be 
reducible to a ſtate of fixity, attraction, and 
inelaſticity in bodies. Dr. Black has an in- 
difputable: claim to the honour of the chict 
diſco- 
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diſcoveries reſpecting the nature and proper- 
ties of this ſpecies of air. That ingenious 
and modeſt philoſopher not only diſcovered 
that air exiſts in a ſtate of fixity and attrac- 


tion in alkaline ſalts, chalk, and all calcari- 


ous ſubſtances, and that on the preſence. or 
abſence of fixed air, their mild or cauſtic 
ſtate depends, but was alſo from experiments 
led to conclude: that air, in which animals 
have breathed, which has conduced to the 
burning of fuel, and that which ariſes from 


fermenting liquors, putrefying animal and | 


vegetable bodies, as well as the noxious air 
of ſubtertaneous caverns, are extremely ſimi- 
lar in their 2 if not in _ reſpect the 
ſame #7 

Many ingenious men, in different parts of 
the world, have of late devoted much time 
and labour to the farther proſecution of this 


ſubject. In Britain, the Honourable Mr. 


Cavendiſb and Dr. Prieſtley; in France, La- 
voi er; and in Taly, Fontana and Landriani, 
have already diſtinguiſhed themſelves, and 
are at preſent, as well as many others, en- 

gaged in the ſame purſuits: And indeed 
trom the rapid IN of this branch of 


BEI ſcience, 
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ſcience, of which nothi ing, in a manner, was 
known till very lately, there is every reaſon 


to believe that it will ſoon be farther ad van- 
ced than any other, in the whole compaſs of 


natural philoſophy; and as it is an enquiry, 
which tends to throw light on the moſt ge- 


neral principles of natural knowledge, we 


may ſafely with Fontuna preſage, che gia ci 
« ayviciniamo ad una di quelle grandi epoche, 
« che la natura conduce, dopo un laſſo di 
&« ſecoli, e che marca con qualche grande ſco- 


* perta per la telicita del genere humano “.“ 


Though many experiments on different kinds 
of air tend to throw light on the ſubject of 
this eſſay, 1 ſhall confine myſelf entirely to 
the inveſtigation of the changes, which at- 
moſpherical air ſuffers in paſſing 1 the 
lungs of living animals. 

The death of animals, and the neden 
of flame are conſtantly obſerved to take place 
in the ſame circumſtances; and from that we 
are naturally led to conclude, that, though 
effects ſeemingly different, they both proceed 


from one and the ſame cauſe, and are there- 
fore to be explained on the ſame principles. 


Numberleſs experiments have taught us that 


® Recerche fiſiche, c. | 
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inflammable: ſubſtances are ſuch only, as in a 
certain degree of heat have 2 leſs attraction 
for the principle of inflammability, which 
they contain, than the ſurrounding. medium 
has for it; whence it follows, that as ſoon as 
the air is fully faturated with phlogiſton, and 
incapable of carrying off any more in the 
fame circumſtances, an entire ſtop is neceſ- 
farily put to the tarther ſeparation of that 
principle, and the flame in conſequence ex- 
tinguiſhed, The caſe is perfectly the ſame 
with reſpe& to breathing animals; for the 
atmoſpherical air no ſooner becomes ſatu- 
rated with the phlogiſticated matter exhaling 
from the lungs and ſurface of the body, than 
the evolved phlogiſton neceſſary accumulates 
in the pulmonary ſyſtem, where it muſt ſoon 
produce deleterious and even fatal effects. 
It clearly appears from this plain and ra- 
tional account of the matter, that the death 
of animals in air contaminated by reſpiration, 
or any other phlogiſtic proceſs, is not to. be 
attributed to the want of a pabulum vitæ, as 
has been generally ſuppoſed, but to the air 
being -overcharged with the principle of in- 


_ flammability, which we have reaſon to be- 


lieve acis immediately on the nervous ſyſtem; 


as 1 animals that do not preſently expire in 
phlogiſ- 
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phlogiſticated air, die in violent convulſions, 
Fontana from a number of experiments con- 
cludes, that it deſtroys animal life in the ſame 
manner as the electrick ſhock *; and all ex- 
perimentaliſts know how violently convulſed 
animals are on that occaſion, when not in- 
ſtantaneouſly killed. 

An infinitude of other facts might here be 
mentioned to ſhow that the extinction of 
flame and animal life in the ſame circum- 
ſtances, does not ariſe from a want of pabu- 
lum ignis, or vitæ, in the air, but from its 
being too much loaded with inflammable 
matter to carry off that which is perpetually 
ſeparating from burning fuel, and the lungs 
of breathing animals. But to throw till 
more light on the ſubject in queſtion, I ſhall 
endeavour to ſhow that breathing animals, 
and flame, are not only deſtroyed by the 
ſame cauſe, but alſo that they both produce 
the ſame identical effects upon common air. 
It appears from the lateſt and moſt accu- 
rate experiments, that by whatever procels 
atmoſpherical air becomes impregnated with 
the phlogiſtic fluid, it ſuffers a ſenſible 
diminution, or contraction of its bulk. That, 
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however, varies conſiderably, according to the 
manner in Which it becames mephitic ; but 
if nitrous air be that accurate teſt of the ſa» 
lubrity of air, which it is generally accounts. 
ed, we may conclude that air is more or leſs 
diminiſhed in proportion to the quantity of 
the inflammable principle with which it is 
fraught; for we find on the admixture of 
nitrous air, that pure inflammable air is of all 
others the leait contracted, and that dephlo- 
ziſticated air is the moſt ſo. With reſpect to 
the comparative diminution of the 

of air, in which a candle has burned out, and 
an animal expired, it has not yet been aſcer- 
tained with abſolute certainty, In the firſt 
inſtance, the diminution of air has been com- 
puted by Dr. Hales to be only one fifteenth, 
and by Dr. Prieſiley one fixteenth part, of 
the whole quantity; in the ſecond, the di- 
minution produced, has been found to be 
nearly equal to one fifth of the air reſpired. 
Hence, we perceive the reaſon why animals 
hve for a conſiderable time in air, in which 
flame is immediately extinguiſhed, It is how- 
ever to be obſerved, that though air be inca- 
pable of promoting inflammation, when it 
has only ſuffered an inconſiderable diminu- 
ton, yet it may, by means of combuſtion 


properly 
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properly promoted, be diminiſhed as much 
as by reſpiration. For my purpoſe, it is ſuf- 
ficient to have ſhown that in both caſes, a real 
_ diminution of the air takes place. | 
Another very material circumſtance, in 
which air vitiated by reſpiration, and air that 
has conduced to the burning of fuel, ſeem 
to agree, is that both precipitate lime from 
lime water, It is now well known that the 
ſolubility, as well as cauſticity of calcarious 
earths, depends on their being deprived of 
that ſpecies of air which is now univerſally 
diſtinguiſhed by the name of fixed. . Dr. 
Black ſeems to conſider fixed air as a parti- 
cular modification of common air with” the 
Principle of inflammability. Dr. Prieſtley, 
on the contrary, maintains that it is a ſpecics 
of air ſu: generis, entirely different from 
every kind of phlogiſticated air; but the fol- 
lowing conſiderations will, I think, make it 
appear that the diſpute is rather about words 
than things. 

All who have attentively conſidered: the 
nature of. calcarious bodies agree, unanimouſ- 
ly, that quick lime can only be ' precipitated 
by attracting ſuch a quantity of fixed air, as 
is ſufficient to reſtore it to its mild ſtate ; by 


wah means, it is no longer ſoluble in water. 
N ow 


-— _—_ as * 8 * 


D wa © © ws wo 


1 


=_ 
* 


— 


77 „ ot mW oo » 


. 


| evolve. Phlogi/ton, 153 


Now it appears from. ſeveral of Dr. Priefley's 
own experiments, that that effect is not col 
produced by what he denominates fixed air, 
but likewiſe by almoſt every ſpecies. of air 
into the compoſition of which the principle 
of inflammability enters, as a chicf ingredi- 
ent. Thus air vitiated by flame or reſpira» 
tion, tainted by the putrefaction of animal 
and vegetable ſubſtances; phlogiſticated by 
the fumes of charcoal, the electric ſpark, 
and even nitrous air, render lime- water tur- 
bid; and if there be no precipitation when 
brimſtone is burnt over lime water, we muſt 
attribute it to the calcarious matter uniting 
with the vitriolic acid, and forming a ſeleni- 
tick ſalt ſoluble in water. 

Dr, Prieſtley, whilſt he admits all theſe 
facts, alleges that either thoſe- proceſſes diſ- 
poſe common air to depoſite the fixed air 
which it contains, or that there is always a 
quantity of it precipitated from phlogiſticated 
air, which attaches itſelf to the lime. That, 
however is a mere conjecture, and is by no 
means neceſſary to explain the phenomenon. 
The Doctor, in different parts of his experi- 
ments and obſervations, grants that fixed air 
contains common air, and even allows that a 
malt portion of the phlogiſtic principle 

U 


enters 
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enters into its compoſition, 1 it net then 
more reaſon:ble to imagine that inſtead of 
being an acid fu? generit, as he and Mr. 
Bewley * think, it is really no more than 
phlogiſton modified and combined in a parti- 
cular manner with the atmoſpherical air, and 
Nightly fraught with the earthy gravitating 
particles of the bodies from which it is gene- 
rated ? That this is really the cafe, appears 
from its being copiouſly produced from me- 
- tallic bodies which contain no acid. There 
are many phænomena which countenance 
this opinion, and ſhew that phlogiſton s 
of an acid nature, or at leaſt, produces ſimi- 
lar effects. The electrical aura, which ſeems 
to be the principle of inflammability in its 
pureſt form, being made to paſs through a 
quantity of fixed air included in a glafs tube, 
in which alſo is contained water tinged. blue 
with turnſole, litmus, or cyanus, is known 
to diminiſh the air very conſiderably, and 
change the colour of the fluid to a red, the 
ſame as if one of We mineral acids were 
added. | 

My notion of the nature of fixed air is 
farther corroborated by this circumſtance, 


* Append, vs. II. Exper, on Air, 
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chat in the calcination of metals, and other 
phlogiſtic proceſſes, the air, which riſes in 
the fvſt part of the operation. is generally 
highly inflammable, and continues in ſome 
meaſure to be ſuch, till the calcination is 
nearly. compleated, when by the force of the 
fre, fixed air is copiouſly produced, beco- 
ming gradually more and mote pure, till the 
whole valx, on ſome. occaſions, entirely diſ- 
appears: whence, it may, with much pro- 
bability, be inferted, that the fixed air in this 


caſe, is in fact a portion of the carthy part 


of the metal, combined with common air, 


and rendered volatile by a ſmall quantity of 
the principle of iuflammability adhering to 


it. Dr. Priefley himſelt repeatedly inſinu- 
2 that ſome portion of the phlogiſtic 
fluid may be neceſſary to the volatility, of all 
bodies whatever, and that it may not be poſ- 
ible to ſeparate it enticely from any ſubſtance 
in nature. It appears likewiſe from his ex- 
periments, that little more than one half of 
the air produced on burning pounded limo- 
ſtone in a gun- barrel was fixed, the reſt be- 


Annen From this we 
wn” unn 6344 are 


© N. p. Though i it is probable that ſome part of this 


inflammable air came from the iron of the gun- barrel, 
we 
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are induced to conclude; that calcarious ſub- 
ſtances contain a large proportion of Phlogiſ- 
ton; and, aſter that is once granted, how is 
it poſſible, if fixed air contained none of that 
principle, that it ſhould reſtore quick dime to 


the ſtate in which it was before calcination? 


For is it not both repugnant to analogy and 
common ſenſe, to pretend that a body can be 
reſtored to its original ſtate without the red- 
dition of all the conſtituent parts of which 
it had been deprived? Theſe arguments ren- 
der my general notion of fixed air ſufficient- 
ly probable, eſpecially if we reflect that it 
may be produced in conſiderable quantities, 
by means of the nitrous acid, from ſpirit of 
wine and other ſubſtances perfectly deſtitute 
of it; but which contain a pretty large 
Proportion of the b Nax of wr age 
| bulky, 1 

we cannot doubt that calearious earths contain a confi- 
derable portion of phlogiſton. T his ſufficiently appears 
from their being capable of reducing, by means of heat, 
metallic calxes, eſpecially thoſe of lead and biſmuth, which 
are eaſily revived, and even, in ſome degree, thoſe of 
copper and iron. The fame fact is further corroborated 


by their becoming. true fluxes, and facilitating the 
fuſion and my of other ſubſtances, as ſands and 
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Having now eſtabliſned on che ſolid baſis 
of experiment that air, by paſſing through 
the lungs of living animals, is affected in the 


fame mauner as in every other phlogiſtie pro- 
ceſs; that is, diminiſhed in its quantity, leſ- 


ſened in its ſpecific gravity,” and rendered un- 
fit either for reſpiration or inflammation;. we 
are induced to infer that the ſole and ultimate 
purpoſe of reſpiration is to carry off from the 
body the phlogiſton, which the circulating 
powers are perpetually evolving from the ge- 
neral maſs ot blood, and reducing to an ac- 
tive ſtate. The remarkable difference be- 
tween the colour of the venal and arterial 
blood tends ſtrongly to elucidate and confirm 
this opinion. The late ingenious Mr. Hew. 


Jon imagined, that as the colour of the blood 


is changed by air out of the body, the air in 
the lungs muſt be the immediate cauſe of the 
ſame change in the body *; and indeed ſe- 
veral remarkable iments of that accurate 
anatomiſt leave no room to doubt that the 
change above- mentioned does really take 
place in the lungs. On opening the thorax 
of living animals, he diſtinctly ſaw the blood 


of a more florid colour in the left auricle of - 


— into the Propert . 
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the heart than it was in the right: but in 
what manner the air effects this change, he 


fact, which admits of a ready ſolution, on 
the principles chat 1 with to eſtabliſh ; and 
proves, in a ſatisfactory manner, not only that 
the hlood contains an evolved phlogiſton, to 


which it owes its colour, but likewiſe that the 
dir has an affinity to that principle equal ta 


the attracting and carrying af it off, where- 
ever they happen to come withig the n 
of activity of each other. 6 

Various phænomena elde the blood 


Microſcopical obſervations - have taught us 
that it Joſes the florid colour in a gradual and 


progreſſive manner; particularly in paſſing 


from the arteries to the veins in the extreme 
parts. That progreſſive deepening of colour 
enn only, 1 think, be imputed 0 the prin» 
cipie of. inflammability being gradually evol- 
ved in the courſe f circulation by the action 
of the veſſels; and we have the more teaſon 

to believe this to be the caſe, as the reuneſß 
is more or je deep according to the ſtate of 
health which the animal at the time enjoys. 
Every practitioner in medicine muſt have ob- 
1 that the biood of the vigorous and 

* athletick 
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athletick is of a rich deep crimſon; that of 
the relaxed; leuco-phlegmatic and. dropſical, 
of a pale red colour. Theſe are ſtriking facts, 
and may juſtly be accounted conclufive proofs 
that the action of the vuſcular ſyſtem really 
evolves the phlogiſtic fluid, and — it, 
in an active ſtate, from the circulating mats. 

Dr. Prigſtley, in the laſt volume of his ex- 
periments and obſervations on different kinds 
of air, has inſerted a paper on reſpiration, 
and the uſe of the blood; in which, it gives 
me pleaſure to find, that his ſentiments in 
ſeveral reſpects entirely coincide with thoſe 1 
had publiſhed two years before, on the tame 
ſubject *®, The Doctor, from diſcovering 
that air, which has paſſed through the lungs 
is left in preciſely the ſame ſtate as that, 
which has been expoſed to the moſt abyious 
cauſe of phlogiſtication, concludes that reſpi 
ration is a true phlogiſtic proceſs ; and becauſc 
all the blood in the body paſſes thro' the lungs, 
and that the change betwixt the colour of the 
venal and arterial blood takes place there, he 
thinks, that it is by means of the blood that 


the air becomes phlogiſticated in its trajec- 
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tion through that organ: And therefore, 


« (purſues, he) one great uſe of the blood 
* muſt be to diſeharge the phlogiſton, with 
„which! the animal ſyſtem abounds, im- 
„ pibing it in the courſe of its circulation, 
and imparting it to the air, with which it 
1 nearly brought into contact, in the lungs, 
the air thus acting as the, great menſtruum 
« for this purpoſe. Theſe are Dr. Prieft+ 
key's words, and though I do not in the leaſt 
queſtion his knowledge in the art of logick, 
I muſt be permitted to ſay that, on this oc- 
cafion, he has, from the juſteſt principles 
deduced the moſt erroneous concluſion. | _ ! 

The two firſt propoſitions appear to me in- 
diſputably true; but I muſt confeſs myſelf 
aſtoniſhed that a man of Dr, Prreſ/tley's 
knowledge and judgment, ſhould betray fo 
much ignorance of the animal economy as 
to ſuppoſe that the blood imbibes phlogiſton 
in the courſe of its circulation. The moſt 
ſuperficial view: of the proceſs of ſanguifica- 
tion would have preveuted him from falling 
into ſo palpable an errour. Had he only re- 
flected that nothing can be taken into the ay 
nimal body, or become a component part of 
its fluids, but what is either formally or ma- 


terially preſent in the aliment before its 
615 | - aſſumption 
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aſſumption into the ſtomach; that there, and 


in the coutfſe of the*chyloipoiztte viſtbra, by 
the procefs'of digeſtion is ſeparated under the 


form of AH emiilfi on, -whateve T is afterwards 


to be Aſſimilated to the animal body; and 


that tliat aid, Which Phygologiſts have de- 


nominated chyle, is taken up by millions of 


mall abſbrheft veſſels; which, from" impet- 
ceptible beginnings on the internal ſurface of 
the inteftines, unite into larger veſſels, and 
convey the chyle, firſt- into the conglobate 


glands of the meſentery, and thence to the 


receptacle, from which it paſſes by the tho- 
racic duct into the left fubclavian vein, where 
it mixes with the common maſs of blood, 
and after a few revolutions becomes a proper 
ſubject of nutrition to the frame, and of ſup- 
ply to the conſtant waſte, which every mo- 
ment of our lives it moſt neceſſarily ſuſtain. 
Had Dr. Paige, 1 ſay, adverted to theſe 
obvious confiderations; inſtead of ſuppoſing 


that one great uſe of the blood is to 7mbibe 


phlogiſton from the ſyſtem, he muſt on the 


contrary have perceived that it is the only 


channel through which the animal economy 
can be ſupplied, in a permanent marine, 


elt 
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It is therefore plain, a that though Pr. 
ö Priefiley was right in fancying that phlogiſton 
is carried off from the blood in the action of 
reſpiration, yet his deductions with reſpect to 
the uſe of that fluid are repugnant to tad, 
and every principle of ſound reaſoning. Had 
he ſaid that the chief uſe of reſpiration is to 
diſcharge into the common menſtruum, the 
atmoſphere, the phlogiſton which is. evolved 
from the blood by the action of the circulat- i 
ing powers, he would have drawn à mot 
juſt concluſion, and ſuch as his awn inge ni. 
dus experiments ſufficiently warrant. | 
Though a recapitulation, or collective view 
of the ſeveral facts which have been brought 
to ſhew that phlogiſton is really evolved from 
the common mals of blood by the action of 
the circulating powers, would doubtleſs ſe 
the matter in the cleareſt point of light, yet 
to avoid prolixity, I ſhall only beg leave o 
remind the attentive reader, that phlogiſton WM 
is the chief ingredient in all alimentary ſub- WM 
ſtances; that a chymical analyſis evinces is il 
"preſence i in the blood; that it is the princi 
ple of taſte and colouring matter in the bile; 
. that the chyle, which when taken up by the 
| lacteals is a bland white fluid, after being fub- 
| _ * time, to the action of the 
| veſſels 


* 
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Ab. becomes of a deep red colour; that the 
}alitus, which eſcapes from blood recentl 7 
drawn, the vapour flying off from every part 
of the body, and particularly from the lungs, 
oonſiſt chiefly of the principle of inflamma- 
bility: If the reader, I ſay, will only reflect 
on theſe ſeveral facts, and allowing each of 
them its due weight, draw juſt concluſions 
from them, he will hardly, I think, entertain 
any doubt of the truth of the propoſition 
which they are meant to eſtabliſh ; for we 
ought not, ſays Mr. Locke, © peremptorily, 
or intemperately, to require demonſtration, 
ew and demand certainty, where probability on- 
zht WM lis to be had.” He that will not eat till he 
m has demonſtration that it will nouriſh him, 


.of may fit ſtill and periſh, 

ſet Senſe and intuition reach but a ſhort way. 
yet The greateſt part of our knowledge depends 
to upon deductions and intermediate ideas, In 
on thoſe caſes, therefore, in which demonſtra- 
tive proofs and certain knowledge are not to 
be had) we muſt content ourſelves with pro- 
babilities. And hence before we can ratio- 
nally admit, or reject, any propoſition, we 
ought to find out, examine, and maturely 
weigh: all the grounds of probability, and 
— a due balancing of the whole, aſſent, 
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or. diſſeat, according to the prepandergncy of 
the arguments, for or againſt the propoliuon. 


t! heorems ought to be put, and the only mode 

by which, we can with impartiality and can- 

dour eſtimate the credit they deſerve. In- 

ſtead, however, of purſuing: that. truly. just | 

and rational method of inveſtigating truth, | 
| 


| 
| 
1 queſtion. That is the teſt to which new ö 
| 
( 


We. are. but too apt, when any Propoſition is 
adyanced, to conſider whether it tallies witk 
our own prior ſentiments, not whether it be N 
true or falſe; and confequent!ly. not judging 
ol it by i its egos. but, by thoſe, notions 
we have already imbybed, according to its 
agreement, or diſagreement with, thoſe, we 
admit or reject it. This progedure is incon- 
ſiſtent with true philoſophy, and evidentiy 
one of the greateſt obſtacles to the ſpreading 
of utetul knowledge, and receiving of infor- 
mation from the labours of others. We 
ſnould, therefore, to give to an argument 
urged by any one its due weight, lay aſide 
all; we think ourſelves on the ſubject, and icon · 
fine Our: views eirtirel to What is before us; 
and: when we have thug, without iprcjudice, 
or partiality, con ſuexed the grounds on which 
he builds his opinion, we may call over again 
cyery particular, try ittby our oJ prcagnita, 
1 * ſet 


_ | 
— —— Ln 2 £ 
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let the-oldbevidence agaiuſt the he w/ and afl; 


ter giving it afair trial.: either embrace or te- 


ject it (aswe; ſhall find it ſupported by facts, 


and ſoundareaſoning. Novel opinions, he- 
ther: in ethics, or phyſies have a thouſand» 
difficulties to combat, andi none more formi- 
dable than :prejudice. It is for this reaſon 
that I hope the reader will for a time loſe 
ſight of his on opinion, and conſider and 
view things in the light I have put them, 
without rejecting - what is advanced, merely 
becauſe it is not the ſame,” or *. 1 
contiadiẽt what he before believed. 

But to return to my ſubject. "Though it 
may be preſumed that the evolution of phlo- 
giſton from the vital fluid has been already 
rendered *probible;- yet that the ſame fact 
may be-farther illuſtrated and: confirmed, we 
ſball briefly” inveſtigate"the/nature of alimen- 
tary” ſubſtances. The ingenious M. Bufun 
in explaining the nature of the nutritious mat- 
tor, which animals affanilate ' to their own” 
{abſtance; ſuppoſes that nature abounds with 
an infinity of living organized parts, the pro- 
ductiom of which coſt her nothing, becauſe 
their exiſtence is conſtant and invariable ; as 
thoſe cauſes which ſeem to deſtroy them, do 
in hon no more than ſeparate them. In the 

aliment, 


4 
. 


nn 
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aliment, ſays he, Which animals take to ſup- 
port the vital powers, there is a large pro- 
portion of organical molecules, or parts analo 
gous to animated body, which are by the 
animal functions ſeparated from the inert, and 
paſſive particles of matter; and whilſt theſe 
are thrown. off, as recrementitious, by the 
different emunctories, thoſe are retained to 
become the immediate nutriment of the 
parts, and to ſupply the conſtant waſte . 
"The grand argument on which M. Buffon 
ſeems to found his opinion, is, that the whole 
animal creation ſubſiſts either. on animal or. 
vegetable matter, the conſtituent parts of 
which he thinks himſelf warranted to conſi- 
der as orgenical molecules. nung 
This hypetheſis is to be face extremely 
 Plauſible, and carries with it ſtrong marks of 
that ingenuity and warmth of imagination, 
which ſtamp every page of the writings of 
that celebrated naturaliſt; but on a cloſe ex- 
amination, it will not be found eſtabliſhed on 
facts ſufficiently, obvious and concluſive to 
affotd conviction. What ſolid reaſon have 
we for fancying chat nature ſhould ab origine 
' OS mT two diſtinct eee 


V 196. 
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one for-organized, and ancther for: unorga- 
nized bodies? What chymical experiment 
ä has ever ſſle wn any peculiar principle in the 7 
. compoſition of animal and vegetable ſubſtan- 
ces, which is not to be found in the moſt 
inert and lifeleſs maſs of matter? In fine, 
ho are we to cunceive that thoſe li uing or- 
ganical molecules, as M. Buffon aſſerts, aue 
by fire, putrefaction, and the other efficient 
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cauſes of the total diſſolution of organized 


| badies, ; only ſeparated and not aboliſhed? 
That the ultimate Parts or atoms of bodies 
are immutable cannot I think be rationally 
queſtioned; but wherever there is life or or- 


ganization, there muſt be a peculiar mecha- 


niſm dependant on the mode of combination, 
the arrangement and actual juxta-poſuion of 


the component parts. Hence, whatever ſe- 


-parates thoſe parts, produces a change of 
form, and though they be not entirely abo- 
liſhed or annihilated, yet ſince the peculiar 


arra b T nt, to which the life and organiga - 


the compound was unqueſtionably 


I owing, is on ſuch occaſions irrecoverably de- 
ſtroyed, hat probable ground is there for 


fancying that thoſe particles of matter, tho 
they fotmerly were conſtituents of an orga- 
Led body, ſhould now differ in any reſpect 


from 
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from thoſe, that enter into the- dompoſition 
of inert ſubſtances? For animal lie ih- 
tradiſtinction to oonſoiouſneſs / and thoſe high. 
er powers of the rational ſoul which” we 
believe to have an exiſtence independent of 
matter and mechaniſmy ſignifies no :mofe 
than a ſyſtem of materials combined and ar- 
ranged in ſuth a männer. as to conſtitute a 
machine, from the mechaniſm of which fe- 
ſults a regular and conſtant! ſeries of thoſe 
motions and operations, which phyſiologiſts 
have denominated natural, vital, and anintzl 
functions *; and with reſpect to vegetable 
- 10 0 934 ei ? Voile 720 : ilfe, 
tler 7011⁰⁰ k 94 uc $1350 - HIO4S! 4} 
: PRE Yd they ente to, hon 2 2 ip- 
- NUCNCE ot mater. Chan! n JC „Au- 
*mateT bod 7 4 0 — BP — 2 Sat yg 
-opinion-of a fate inbettious writer, Who has labòured to 
prove that man is not than whit we ſee of him: A 
coctrine of a much mefe· dangerbus tendency than ht 


| ſubtle metaphyſician ſeems aware f: For while he glo- 
ries in having wiped, off the reproach of, matter, he not 


"only degrades man to a mere automaton, but leads to 
opinions highly derogatory to the attributes of the Deity, 
If ſpirit, as Dr. Prigſile maintains; be incapable of 
aQing, upon gatgere, the,diving:efl 
regulated by the Jaws of material. mechaniſm. ; Hence, 
though the notion that Gop is a free, immateriaf and 
ndowed with an 


immaterial 


muſt be material, 
and whatever i material, muſt, by, the ſame rule, be 
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life, naturaliſts can certainly mean no more 
by it than an arrangement of certain mate- 
rials, from which, reſults a particular orga- 
nization of parts deſtitute of ſenſe and ſpon- 
taneous loco- motion, but capable of accretion 
and generation, 

Since therefore both animal and vegetable 
life depend on material mechaniſm, is it not 
abſurd to affert that though the mechanical 
arrangement of parts, to which a body owed 
its organization be aboliſhed, the ſevered 
parts ſtill continue to be organick, With 
equal juſtice might an abſurd logician main- 
tain that, as ſyllables conſiſt of letters, words 
of ſyllables, verſes of words, and an epick 
poem of theſe, letters are poetic parts of the 
liad; for ſuppoſing all the verſes of that di- 
vine poem ſubdivided into words, ſyllables 
and letters, theſe would have as much right 


immaterial thinking principle, be conſidered by that 
theologue as contrary to the acknowledged rules of phi- 
loſophizing, yet I am not aſhamed to conſeſs myſelf ſo 
contemptible a metaphyſician, and ſo tenacious of vul- 
gar prejudices, as to think that it would redound more to 
the honour of the Supreme Being, to the dignity of hu- 
man nature, and the advancement of uſeful knowledge, 
that he devoted his time and talents to leſs ſpeculative 
and myſterious diſquilitions, 
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to be ſtyled poetic, as the decompounded 
conſtituents of an organized body to be cal- 
led organic. But an argument entirely ſub- 


verſive of M. Buffon's hypotheſis is, that by i 


chymical combination we can not only make 


the chief ingredients of organized bodies paſs 
into the compoſition of inert matter, but 


have even every reaſon to believe that the 
latter may, by the aſſimilating powers inhe- 
rent in animal and vegetable bodies, be tranſ- 
muted into their own organic ſubſtance. With 
reſpect to the nature of the individual, mat- 
ter, which is capable of that afſimilation, it 
is ſtill a deſideratum in natural hiſtory ; ; but 
from a multiplicity of concurring circum- 
ſtances I am induced to account phlogiſton, 
the immediate principle of animal and vege- 
table nutriment. That this is the caſe with 
reſpect ro every ſpecies of plant, I ſhall at- 
terwards have occaſion to evince by the moſt 
concluſive proofs ; and the ſubſequent. obſer- 


_ vations will, I think, render it highly pro- 


bable that animal bodies derive all their ſup⸗ 


port from the ſame ſource. 
If we ſurvey the whole animal kingdom, 


and inveſtigate the nature of the aliment on 
which its numberleſs tribes ſubſiſt, we ſhall 
| M122" Had 
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find that no ſubſtance in nature affords any 
one of them matter capable of affimilation, 
unleſs it contain the phlogiſtic fluid, and con- 
tain it in ſuch a ſtate as to be readily ſeparated 
by the animal functions. Man, from obſer- 
vation, and the brute creation, from uner- 
ring inſtin, are led to believe that alimen- 
tary ſubſtances afford more or leſs nouriſhment 
in proportion to the quantity of phlogiſton, 
which they poſſeſs in a looſe and ſeparable 
condition, I ſhall appeal to any one alderman 
in the city, whoſe digeſtive powers have not 
been lately impaired by frequent ſurfeits, if 
he does not find leſs ſolid nouriſhment in ve- 
getable than animal food; in chicken, than 
in a firloin of beef, or haunch of veniſon ; 
in lobſter or whiting, than in turtle, ſalmon, 
or cel: yet, all theſe are organized bodies, 
the only circumſtance, according to M. Buf- 
fon's theory, that is neceſſary for their ſup- 
plying the living ſyſtem with nutritious mat- 
ter; but on a nearer view, and cloſer exami- 
nation, we find that each of the above-men- 
tioned  fobſtances affords 'more or leſs nutri- 
ment, in proportion to the quantity and fe. 
parable ſtate of the inflammable matter, 


which enters into its compoſition; 
Y 2 Since 
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Since, therefore, thoſe ſubſtances only can 
be aſſimilated to the animal body, which 


. poſſes the principle of inflammability in a 


certain ſtate, and ſince we have ſeen that 
that principle is again diſcharged from the 


lungs and ſurface of the body under the form 


of perſpirable matter, have we not every rea- 
ſon to believe that animals have a power of 
converting phlogiſton | from the fixed ſtate, 
in which they receive it, in their aliment, 
into a pure and active ſtate, and perhaps not 
very different from the electric fluid. By 
what other principles can we explain the 
ſingular phænomena of the torpedo, | and 
the anguille tremblante of Surinam? And 
does not the light, which is known to pro- 
ceed from ſome animals, as from cats and 
wild beaſts, when they are in purſuit of 
their prey in the night, afford the moſt con- 
vincing proofs that, in conſequence of the 
various functions and operations peculiar to 
animated body, phlogiſton is extricated and 
evolved from the alimentary matters, in 


which it was fettered, and brought into 2 


ſtate, under which it exhibits certain indica- 
tions of its preſence; and activity? Bartbolin, 
in his learn ed treatiſe. De Luce Animantium, 

and 


n 
h 
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and ſeveral later writers, furniſh us. with 
numberleſs inſtances of the actual emiſſion 
of light from living bodies *; and that light, 
as well as the electrical aura, is really the 
phlogiſtic fluid under a particular form of ac- 
tion, ſhall be afterwards evinced by indiſ- 
puted facts. It may therefore be reaſonably 
concluded, that phlogiſton is the nutritious 
matter, to which the animal machine owes 
its accretion, vigour, and conſtant ſupport; 
and as the material cauſe of all muſcu- 
lar motion can only be derived from the ali- 


ment, it is highly probable that the principle 


of inflammability, after being tranſmuted by 
the animal proceſſes into that ſtate, in which 
it is called the electric fluid, is by means of 
the nervous ſyſtem directed to the muſcles, 


* The annals of natural hiſtory afford us many well 
vouched inſtances of perſons whoſe bodies emitted light 
in the dark. Dr. John Fabri, a noted philoſopher, in- 
forms us, that he ſaw flaſhes of light proceed from the 
head of a woman while ſhe combed her hair. Scaliger 
relates the ſame of another woman ; Euſebius of Maxi- 
mus Acquilanus ; Cardanus of a friend of his, and Mr. 
Brydone of a young lady of his acquaintance; and that 
moſt animal ſubſtances, Juring the putrefactive ſtage of 
fermentation, emit light, is a fact too notorious to 
ſtand in need of proof. 

and 


174 The Aftion of the Blind-Veſſels, &c. 

and forces them to act in the ſame man- 
ner, as they are forced into action, when 
the electric fluid is thrown into thei ab 


extra *. 
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» Dr, Pri;fley's Exper. en Air, Fol. I. 
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HE docuine . hott: taught dy mos 
dern philoſophers is extremely various. 
It is diſputed. by them, whether fire be. co- 
eval with bodies and of an abſolute ingene- 
rable nature, or merely the effect of motion, 
Theſe queſtions haye been ſtrenuouſly deba- 


ted, and two ſects of philoſophers, the Chy- 


mical and Mechanical, have ſprung from 


them. The mechanical philoſophers main= 
tain that heat is nothing but a particular mode 
of motion, and conſequently that the heat 
generated in bodies does not depend upon 
their poſſeſſing a greater or leſs quantity, of, 
elementary fire, but, on their being, more, or. 
leſs capable of having vibratory, motions, ex- 
cited in them ; and this capability, they af- 
irm, depends on a certain concretion, or 
forma of aggregation, and is in no degree de- 
pendent on the mixture of the body 3 


In 

Lord Bacon, in his treatiſe De Forma Calidi (which 
aotwithſtanding a certain profoundity, not to ſay ob. 
| ſcurity 
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In explaining, N his concretion, 
which gives elaſticity, o wer of having 


thoſe oſcillatory. motions, in which Sy, 


to them heat conſiſts, they have ſuppoſ 
that there are two kinds of matter, a gravi- 
tating inert matter, and a ſubtile elaſtick 


fluid, which pervades all bodies without affe&- 


ing their mixture. The elaſticity too of bo- 
dies is aſcribed by them to the ſolid gravita- 


ting parts being embraced by this ſubtile fluid, 


which - modifies, by the different degrees of 
its denſity on the ſurface, and in the pores 
of bodies, their concretion, and gives all 
the- variety ot aggregation of the * of 
m. eee 

obo 162167 8 10d (109 | The 


bh 414 


ſeurity that runs throughout may juſtly be held up as a 


model of philoſophical, inveſtigation), defines heat thus: 
1 Calor eſt motus expanſivus cohibitus et nitens per 
«© partes minores: et intelligatur, ſays be, hoc quod 
«© diximus de mòtu (nempe quod fit inſtar generis ad 


, calorem) oon quot calor generet motum aut quod 


« motus gene rat caiorem, ſed quod iphſlimus calor, 
« five  guidipſum | caloris ſit motus & nibil aliud.” 


2 It may not be i improper to remark, that this c 
of philoſophers maintains that the concretion of bodieh 
depends in no degree upon the nature of their mixture 
for the concretion, ſay they, or the apgregation of 
parts of mixts, may be the fame where their mixture $ 
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The chymical philoſophers on the other 
band, convinced that motion is the great 
inſtrument of all the effects, operations and 
phznomena, that are produced in the ma- 
terial univerſe ; and that matter, or bodies 
without it, can neither ſuffer any change in 
themſelves, nor produce any alteration in 0- 
ther bodies, readily allow that motion attends 
the generation of heat, but they at the ſame 
time maintain that heat depends'on a ſimple 
prumary ingredient of all natural bodies; and 
they aſſert that bodies are more or leſs fit for 
the production of it, according to the quan- 
tity that they contain of this principle, which, 
according to Boer baave, is a body fur generis, 
created ſuch ab origine, unalterable in its na- 
ture and properties, and not either producible 
de novo from any other body, or capable of 
being reduced into any other body, or of cea- 
ſing to be fire *. This is not the vague con- 
jure of modern chymiſtry, but is as anci- 
ent as the ſyſtem of atoms, and was a funda. 
mental principle laid down by the molt cele- 


yery dif:rent; and on the contrary the mode of con- 
cretion may be very different where the mixture is per- 
ly the ſame, as iron and ſteel; but how far this 
os is eſtabliſhed in fact, ſhall be hereafter ſhewn. 
* Elem, Chym. | | 
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brated atomical philoſophers of Phenicia and 
Greece, to whom it had no doubt been fugs 
geſted by their early obſervation of nature, 


before her plain appearances were obſcured 


by the imaginary ſchemes, and idte diſputes, 


of fpeculative men. 


The chief fapporters of the mechanical 
ſyſtem are Lord Bacun, Mr. Boyle, and Sir 
Jaac Newton : All the foreign philoſophers, 
Homberg, Boerbuave, Lemery the younger, 
and S'Graveſande, maintain the chymical, 
Theſe names merit the higheſt deference, 
yet J think it may be ſhewn that the diſpute 
is more about words than things. It is not a 
little to be regreted that in philoſophy, as 
well as politics, we are often miſled by pre- 
Judice, and a partial view of the matter in de- 
bate; and in the heat of argumentation hazard 
opinions, in ſupport of our favourite ſyſtem, 


| that are not founded on facts and Juſt reaſon- 


ing. Hence it generally happens, that if we 
mean to ſettle any controverted point, large 
conceſſions, on both ſides, become neceffary; 
and this, on the preſent occaſion, I ſuſpec, 

we ſhall find to be the caſe, 
In the firſt place, it is no leſs ednfidenth 
aſſerted by the chymical : philoſophers, that 
the capability in bodies of generating heat, 
entirely 
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entirely depends upon the quantity, which 
they poſſeſs of elementary fire, than it is itre- 
nuouſly inſiſted on by the mechanical, that 
heat is in no ſhape dependent on that circums 
ſtance, but is owing folely to the mode of 
concretion. Both theſe aſſertions, however, 
we {hall find to be too general, For on the 
one hand, it muſt be granted that a certain 
form of aggregation is requilite for the me- 
chanical production of heat, and by conſe- 
quence that one body may be better adapted 
to the excitation of heat in this way, than 
another, which may perhaps contain double 
the quantity of elementary fire; and on the 
other hand, it will be faund that bodies in 
general, ceteris paribus, are more or lets 
qualified for the production of heat, even in 
the mechanical way, according to the quan- 
tity of potential fire poſſeſſed by them. 


The joſtance of #747 and feel, which has 
been ;gften brought to proye the contrary, 


ſeems to be a ſtrong evidence in favour of this 
opinion. It is univerſally known that by the 
converſion of iron into ſteel, this metal ac- 


quires a cloſer, more compact and finer 


grained texture, .a greater hardneſs, elaſ- 


ticity, ſonorouſneſs, and diſpoſition to (kh 
ceive the magnetiak, property. The — 
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offered to explain the cau'e of this change 
are various; but on conſidering the methods 


always uſed to efſect it, I do not kelitate to 


aſcribe the propertics, by which ſtcel differs 
from iron, to a greater proportion of the 
principle of inflmmability. Dr. Cullen in- 
deed, whoſe name I thall always mention 
with the higheſt veneration, amongęſt the o- 
ther arguments, which he hath uſed in fa- 
vour of the mechanical generation of heat, 


maintains that the trauſmutation of iron into 


ſteel does not · depend on the introduction of 


any foreign matter into the iron, but mercly 


on the manner of its cooling. Iu this, how- 
ever, he differs from Srabl, Cramer, Macquer, 


Newman, Dr. Black, and all the beſt chy- 


miſts, who ſecm univertally to agree that in- 
fl: mmable ſubſtances, as the horns, hair, and 


hoots of animal-, or mixtures of ſoot and 


charcoal, are abſolutely neceſſary to the pro- 
ceſs in queſtion ; and if it be found that ſteel 
heated and ſuddenly quenched in water does 
in fact become harder, may not we with 
great rraſon aſcribe this increaſe of hardneſs 
to the ſudden contraction and diminution of 


the miſs in all its dimenſions, by which its 


parts muſt neceſſarily be brought into much 
cloſer contact? Ee ſides, as water is a flow 
| conductar 
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eonductor of electricity, and heat, and poſ- 
{fled of no ſtrong attraction for phiogiſton *, 
i: muſt neceſſarily prevent ſueſi a quantity of 
that principle trom eſcaping, as would have 
been carried off, had the mais been expoſed 
to a free Current of air. But a conclulive ar- 
gument that ſttel contains more infl mmable 
matter than iron is, that Dr. Prieſlley found 
that eleven grains of ſtee] filings from watch- 
| ſprings, yielded one-twentieth more iuflum- 
1 mable air than the ſame weight of iron- 
4 filings ||. | 

ö 


From what has been ſaid of the ce mentation 


. of ſteel, it is obvious that no argument can be 

5 thence drawn againſt the exiſtence of a particu- 9 
— lar matter, which enters in different proportions k 
- into the compoſitions of mixts, and lies latent N 
d and inactive, till by ſome means, or other, it bo 
4 - Wl be excited into motion; when, according to 15 
- the nature of the ſubſtances with which it is le 


combined, all the phenomena of light and if 
heat are produced. N 

Dr. Hales, though a champion in ebend 1 
of the mechanical doctrine of fire, is obliged 
to acknowledge © that fire is chiefly invigo- 
* rated by the action and reaction of the acid 


5 Obſerv. and Exper, on Air, f Ibidem. | : 
. & ſulpbu- 
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cc fulphureous particles of the fuel, and the 
« elaſtic ones, which ariſe and enter the, fire, 
* either from the fuel, in which they a+ 
c bound, or from the circumambient air, 
« But when the acid /u/phbyr is taken out of 
« any fuel, the rem. ining ſalt, water, and 
earth,. are not inflammable, but on the 
* contrary quench and retard fire; and as air 
* cannot produce fire without ſu/phur, ſo 
« neither can ſulphur burn without air *,” 
Is it not apparent from the above paſlage of 
Dr. Hales, that there is a particular kind of 
matter, which alone is capable of producing 
fre; and that it is no other than fulphar, by 
which all the ancient chymiſts meant what 
has been fince, and more properly, called thy 
Frindi pie o in flommabality. 

In general, however, the mechanical ts 
loſaphers, who ground their opinion chictly 
on the production of heat by attrition and 
percuſſion, think it abſurd to ſuppoſe that the 
heat excited in theſe inſtances, ſhould in anf 
manner depend on the mixture of the body, 
and challenge any chymiſt to ſhow that to- 
dies are more or leſs fit for vibratory motions 
according to the quantity of .clemental fire, 


® Statical Experiments. Val. Il. c = 
N | 2 
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which they poſſeſs. This argument they 
conſider as an unanſwerable and irrefragable 
proof of the folid baſis on which their yl 
tem is founded. | 
I ſhall not now repeat what was ſaid on the 
| tranſmutation of iron into ſteel, though evi- 
; dently tending to ſhow the fallacy of this af- 
f {crtioh, and ſhall even admit it as a general 
0 fact that the fitneſs in bodies for generating 
N heat depends more on their mode of concre- 
don, than on any particular matter, which 
of enters into their oompoſition; but ſtill Imain- 
tain, that no concluſive inference can be 
drawn from thence, in favour of the medha- 
nical ſyſtem: for I hope to make it appear 
not leſs probable, that the phlogiſtic fluid 
gives the concretion, than that the coneretion 
gives the fitneſs to generate heat. "i 
The opinions which have been advanced it] 
reſpecting the vinculum elimentorum primart- = 
wm, or the principle, which forms the ce- by 
ment, or bond of union between the ſeveral = 4 
donſtituent particles of bodies, are many and 1 
various. Some aſcribe coheſion ſolely to the 1 
attraction ſubſiſting between the particles of 2 
elementary earth * : Others conſider water as 


"© Ganblus init — 
the 
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the: cementing principle 5 but the moſt uni- 
verſally received opinion is that of the learn» 
ed Dr. Hales, whe attributes coheſion to that 
particular kind of air, which has been deno- 
minated fixed. or mephitick air. Doubt- 
« Jeſs (ſays he), all the particles of matter 
* whatever, do in actual contact cohere; 
1 yet, ſince it is found by experiments that 
% the moſt ſolid - parts of animals and vege- 
te tables yield a valily greater quantity of air, 
4 and leſs water, than the more lax and fluid 
e parts, it ſecins therefore reaſonable to con- 
_ clude, that their ſolidity is principally OW» 
et ing not to the watery, but to the air, and 
« ſulpburous farticles *,” The ſame in- 
genious -philotopher expreſlly ſays, that © air 
is very inſtrumental in the production and 
ec my of animals and vegetables, both 
« by-invigorating their ſeveral juices while in 
c an elaſizck adlive ſtate, and alſo by greatly 
« contributing in a Fixed ſtate; to the um MW | 
and firm connection ot the ſeveral conſtitu- ( 
ent parts of thoſe bodies . This doc- M « 
trine has been lately revived by Dr. Mactbride, 
who has laboured to prove that fixed air is | 


o Statical Experiments, Vol. II 
t Ibidem. Vel. I. | 


i attended with Heat, > 8s 


the cementing principle in all animal and ve- 
getable ſubſtances. But ſuch an hypotheſis 
every philoſopher. will reject, as repugnant 
to the general procedure of nature, who 
never multiplies agents without an abſolute 
neceſſity, Her operations are ſimple, her 
laws general; and hence it is abſurd to ſup- 
poſe that any thing ſhould conſtitute the bond 
of union in bodies, but an unbounded and 
univerſal principle; a principle equally appli- 
cable to the whole range of beings in the 
animal, vegetable and mineral kingdoms. 
This however is ſo far from being the caſe 
with Dr. Macbride's theory, that he readily 
acknowledges that ſaline particles may put on 
concrete forms without the aid of fixed air; 
and even owns that he failed in all his at- 
tempts to reduce metallic calces by means of 
that ſuppoſed principle of cohefion, _ 

In explaining the cauſe of the augmenta- 
tion of weight in metallic calcinations, I had 
occaſion to obſerve that though gravity ſeems 
chiefly to depend on an external impelling 
power, all bodies according to their mix- 
ture, and the quantity of matter they con- 
tain, reciprocally attract and are attracted by 


each other; and that from hence ariſes the 
tendency to the centre of the larger ſyſtems 
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of matter, I ſhall now venture a ſtep far- 
ther, and endeavour to ſhow that the fame 
material agent which produces a mutual at- 
tration betwixt large 'bodies, produces the 
fame effect between the minute corpulcles of 
matter; in a word, that the cauſe of attrac- 

tion and coheſion is one and the ſame. 
Gravitation and attraction, though gene- 
rally confounded by philoſophers, to me ap- 
= Pear very different phænomena. Attraction 
ts peculiar to the ſmalleſt particles of matter, 
and is powerfully exerted between them; its 
fphere of activity is greater in ſome atoms 
than in others; and though hardly diſcerni- 
ble in any, unleſs when they are in immedi- 
ate contact, or verging upon it, yet when 
they approach one another they acquire an 
obſtinate coheſion. Gravitation, on the con- 
trary, is common to all bodies, and though 
it brings them together with great violence, 
no coheſion at all is produced; as appears in 
the caſe of falling bodies. Since therefore 
gravitation affects indiſcriminately all bodies, 
at all diſtances, and in proportion to the 
quantity of matter they contain; whereas 
| attraction affects only the primigenial parti- 
cles of matter, is exerted at ſmall diftances 
ä ä or leſs force 
according 
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according to the nature of the compound, 
we are naturally led to couclude that the for- 
mer is the effect of an external impelling 
power, while the latter depends on a parti- 
cular ingredient preſent in different propor- 
tions in all terreſtrial bodies. Were attrac- 
tion a general law of matter, all bodies ſhould 
attract each other in proportion to their 
maſſes. Hence, the loadſtone ought to have 
as little of that virtue as the emerald, and be 
as little inclined to attract iron as lead. Upon 
the whole, it is plain that two phænomena, 
ſo widely different as gravity and attraction, 
cannot be produced by the ſame means. 
How then are we to explain them without 
having recourſe to ſome new mechanical 
agent? Not, I acknowledge, without ſome 
difficulty; but it may, I think, be done with 
no ſmall degree of probability. It was for- 
merly ſaid, that gravitation is effected by the 
preflure of the univerſal elaſtick æthereal 
fluid, and an attempt ſhall now be made to 
ſhow that attraction depends on the ſame ſub- 
tile medium fixed and modified in bodies, 
The moſt ſtriking inſtances of attraction 
are thoſe of electricity and magnetiſm. With 
reſpect to the former, I need only obſerve, 
that it is the obvious effect of exciting into 
Aaz motion 
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motion a certain ſubtile fluid, lodged on the 
ſurface. and in the pores of bodies, which 
fluid, to every appearance, is the ætber of 
Newton, and the phlegifton of the chymilts, 
The cauſe of magnetic attraction is more ob- 
ſcure ; and has been long a noted problem in 
phyſics. But the veil in which that dark 
myſterious queſtion was ſo long inwrapped, 
is now removed. For many late accurate 


; 

: 

#1 experiments have not only ſhown, that pola- 
* 

{ 

x 

N 


rity may, with as great certainty, be com- 
municated to ſteel by electricity as by the 

magnet, but likewiſe that it is entirely abo- 

liſhed by calcination &: an irrefragable proof 
x that the attraction of electricity and magne- 
mt tiſm are owing to the ſame material cauſe, 
te ethereal phlogiſtic fluid. Cbymiſtry af- 
fords us inſtances without number in which 
the ſame ſubtle elaſtick element is evident- 
ly the principle of attraction, and - the bond 
of union in bodies. But as a full diſcuſſion 
of that curious queſtion does not fall within 
the limits of this ſcanty Page, it will be ſuf- 
ficient to obſerve that there is not a more ge- 
neral fact in phy fics, than that the phlogiſtic 
fluid in bodies | is no ſooner exeited into mo- 
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tion, than the affinity of coheſion: is dimi- 


niſned, the maſs dilated and increaſed in all 
its dimenſions ; nay a total diſſolution imme- 
diately enſues upon the eſcape, or diffipation 
of that principle. This is ſufficiently mani- 


feſt in the combuſtion of inflammable bo- 


dies, and the culcination of metals; and it is 


confirmed by the phenomena attending the | 


putrefaction of vegetable and animal ſubſtan» 


ces, Which, when expoſed to the air, gradu- 


ally loſe their phlogiſton, grow tender, rot, 
and at laſt ſuffer a total diſſolution of their 
parts. A phenomenon in every reſpect ſimi- 
lar to the putrefaction of animal and vegeta- 
ble ſubſtances, is the ruſting of metals; 2 
change, which they undergo in conſequence 
of being expoſed to the air. The nature of 
this change is extremely obvious; for we al- 
ways find a ruſt to be a calx of the metal, in no 
wiſe different from that, which is produced 


by proper calcination. The effect, in both 


inſtances, depends on a ſeparation of the 
principle of inflammability, and is in both 
produced by the attraction, which the air has 


for it. Hence we are led to comprehend 
why neither putrefuction, calcination, - nor | 


ruſting-take place in vacuo. 
1 I. by no means diſpute | the accu- 
racy 
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rey of Dr. Machride's experiments, yet his 
deductions from them are dubious and gon. 
trovertible. . He ſeems in the fult place not 
to have ſufficiently diſtinguiſhed. between 
what is properly denominated fixed air, and 
what the Hon. Mr., Cavend! 5 and all modern 
chymiſts call inflammable air; two ſpecies of 
gas extremely different in their nature, origin, 
and properties. Under the denomination of 
fixed air, he ſeems to comprehend all kinds 
of air, that are not common atmoſpheric air, 
how different ſoever they may be with reſpect 
to their production, their comparative weight, 
denſity, or the quantity of phlogiſton with 
which they are traught, Dr. Machride, by 


thus confounding. things that ought certainly 


to have been accurately defined and diſtin- 
guiſhed, has left his theory open to various 
and innumerable Objections; but it is ſuf- 
ficient for my purpoſe to ſhow, that he has 
been all along miſled by taking the effect for 
the cauſe, Nothing is more obvious than 
that the diſſolution of animal and vegetable 
ſubſtances is attended with the generation and 
eſcape of fixed air; but it is to be obſerved, 
that this phenomenon ſeldom takes place till 
the coheſion of the conſtituent parts is ſenſi- 


bly. diminiſhed; for it is then, and not 
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till then, that the atmoſpherical air, which 
enters in great abundance into the compoſts 
tion of all ſubſtances of that nature being let 
loſe, attaches itſelf to à ſmall portion of the 
phlogiſtic fluid, and perhaps of ſome other 
of the original conſtituents of the maſs, and 
by this new combination, acquires thole pro- 
perties, for which modern chymiſtry has diſ- 
tinguiſhed it, by the name of fixed . This o- 
pinion is confirmed and elucidated by the air, 
which flics off from bodies, ner ſolid or 


Dr. Prisfily found, eg piece of mut- 
ton to the put refactive fermentation, that all the inſlam- 
mable gas was extricated in the beginning of the pro- 
ceſs. He likewiſe found that pit · coal diſtilled in a glaſs 
veſſel yielded only inflammable air, but that the aſhes of 
the ſame pit - coal yielded much air, of which one half 
was inflammable, the other fixed. Vol. III. Exper. on 
Air. When a ſtrong and ſudden heat is applied to ani- 
mal or vegetable matters, the elaftic fluid produced is 
generally a mixture of air, which renders the cauſtic al- 
kali mild, and of inflammable gas ſeparable from it by 
expoſure to water: but when the proceſs is not haſtened 
by fire, the eſcape of the inflammable air generally pre- 
cedes that of the fixed. There is evidently then no 
more reafon for conſidering fixed air as the connective 
inſtrument in bodies than any of the other conſtituents 
of mixts, That in metallic bodies at leaſt, fixed air is 
not the principle of coheſion, plainly appears from their 
containing leſs of that fluid in their malleable than cal- 
cined ſtate, 
aud, 
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fluid, in the exhauſted receiver of an air pump 
poſiefling none of thoſe: properties that charac- 
terize mephitic air; for where nd ſeparation'of 
phlogiſton has previouſly taken place, no fixed 
air is ever obſerved to eſcape, and this is a 
ſtrong preſumptive proof, that it is no more 
than a circumſtance conſequent on the de- 
compoſition ot natural bodies, and by no 
means the efficient cauſe of their diſſolution, 
as Dr. Macbride ſtr enuouſly maintains. 
With reſpect to the nature of fixed alt, 
Dr. Hales's notion and mine pretty nearly 
agree; for he, as appears from ſeveral paſ⸗- 
ſages in his writings, conſidered it as a pot̃- 
tion of the univerſal aerial fluid, deprived of its 
elaſticity, and reduced to a ſtate of fixity and 
attraction by the power of the ſulphur printi- 
pie in bodies. And that this is in fact the 
caſe, we had formerly an opportunity of 
ſhewing at conſiderable length. But Dr. 
Macbride, as has been already obſerved, ſeems 
to have had no diſtinct idea of the ſpecific 
difference between fixed air and the othet 
ſpecies ot noxious gates. The vapour, which 
ariſes from-ſome putrifying vegetable ſubſtan- 
ces, as the cotton wood, when collected, 
proves aBfolutely inflammable : That, how- 
ever he ſuppoſed to be fixed air; but it 
wr — appears 
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appears from Mr. Cavendiſb's experiments ,?᷑ð8“ 
that it contains very little of that, but is com- 
poſed of an extremely light and ſubtile va- 
pour, ten times lighter than the common vi- 
tal air, when this is 800 times ligluer than 
water; whereas fixed mephitick air is 1-half 
heavier; and with reſpect to the ſmall quan- 
tity of fixed air, which is found with it, it 
may either riſe. from the ſubject itſelf, er be 
produced from the above- mentioned ſubtile 
inflammable vapour, which has the power 
of converting common air into mephitick. 
The caſe is pretty much the ſame with re- 
ſpect to metallic bodies. The air, which firſt 
ariſes either during the calcination of metals 
by fire, or their ſolution in the mineral acids, 
s, for the moſt part, a pure inflammable va- 
pour; and the decompoſition is generally far 
advanced before any fixed air can be collect- 
ed: And finally it may almoſt, I apprehend, 
be confidered as an argumentum crucis againſt 
Dr. Macbride's ſuppoſition of fixed air being 
the cementing principle in natural bodies, 
that Dr. Prieſtley has made ſeveral accurate 
experiments, Which leave no room to doubt of 
ts being a factitious ſubſtance, In his obſer- 


* Philoſoph. Tran. paſſim. #5 
B b . vations 
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vations and experiments on different kinds of 
air, he mentions a proceſs, in which, by 
means of the ſpirit of nitre, he produced 
fixed air in conſiderable quantity Jrom ſpirit 
of wiue, and other fubſtances, which do not 
contain it: And can any thing be mare diſſo- 
nant from ſound philoſophy, than to ſuppoſe 
that the principle of union between the com- 
ponent parts of mixts, ſhould be + a ſacli- 
tious nature ? 
= acknowledge, not ys ts explin 
how phlogiſton, which is here conſtered. as 
the cementing principle in bodies, ſhould 
have the property of paſſing from a bighly. 
volatile and repellent cluſtick ſtate, to an in- 
claſtick and ſtrongly. attracting ſtate. That 
this however is the caſe, appears from. expe- 
Timents without number, and the following 
ſeems the moſt plauſible explanation of which 
the fact admits. It was formerly alledged 
that the phlogiſtic fluid has a centrifugal ten- 
dency, or is at leaft exempr from the common 
laws of gravitation; and to this circumſtance 
is owing the extreme volatility which it ex- 
| hibits, both in a ſeparate and 'compounded 
fate. But notwithſtanding the volatil of 
+ .phlogiſton, it ſhows a great affinity to many 


. fubſtances of an inert gravitating nature. 
n 5 When 


2 + 
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When the quantity of inert matter does not 
preponderate over the elaſtick power of that 
principle, the compound becomes volatile, as 
in the volatile ſulphurous and nitrous acids, 
and a thouſand fimilar inſtances; but when 
the gravitating matter is ſufficient to repreſs 
the volatility of phlogiſton, as in metallic bo- 
dies, this principle, though it in fact renders 
the mixt lighter and more elaſtick, exerts no 
power fo ſenſibly as that of attraction, and 
this it continues to do, till it be again excited 
into motion by ſome external cauſe, ſuch as 
adventitious particles of fire, friclion or mix- 
ture, when its elaſticity being reſtored, it 
flies off, fraught with as much of the pon- 
derous earthy matter as it is capable of vola- 
tilizing. He fy 
From the above ſtrictures on Dr. Mac- 
bride's theory of coheſion, it will not, I pre- 
ſume, appear raſh to conclude that fixed air 
cannot poſſibly be that univerſal cementing 
principle, which he believes it ; and that, if 
any ſuch matter does in fact ſubſiſt, it is un- 


queſtionably the principle of inflammability; 


and indeed, as a late ingenious writer ob- 
ferves, it was always well known to a claſs of 
philoſophers now out of date, that the parts 
of all conſiſtent bodies are bound together 
v4 Bb2 by 
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bya ſecret acid principle; an embodied ethes, 
which acts as the great principle of adheſive 
attraction every where v. To avoid any fur 
ther diſcuſſion, I ſhall ouly 1equeſt Dr. Mac- 
bride to produce a- ſingle. inſtance, in which 
be has either aboliſhed the affinity of cahes 
ſion between the conſtituents of a body, 
without depriving it of its phlogiſton, or res, 
ſtored, without the addition of that principle, 
the calx of a metal to a ſtate of malleability; 
and all chymiſts allow that decompoſition, 
and recompoſition, are the ſureſt means of 
aſcertaining the ſeveral confiſtuents of com- 
pound bodies. F 
Since, therefore, ſo many ge Banter Wo 
concur. in ſnewing that all terreſlrial bodies, 
on being deprived of their phlogiſton, ſuffer 
a diſſolution, and that none aſſume their pri- 
mitive form without the reſtitution of that 
principle, it unqueſtionably follows that their 
form of aggregation very much depends on, 
its peculiar modifications. Hence it appears 
that it is not altogether ſo abiurd, as the mes, 
chanical philoſophers have ſuppoted, to ſaythat 
the, fitze(s.of bodies for the generation of heat 
in a mechauical way, in ſome meaſure de- 
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depends on the ſtate of their elemental fire 2 
It would even ſeem that in bodies entirely 
deprived of phlcgiſton, little or no heat can 
be produced in that way. The calces af me+ 
tals may be mentioned as a proof of this. 
The conſtant and uniform effect of perfect 
cal ination is the abolition of all coheſion of 
parts; whence it enſues that no conſiderable 
force can be applied to calcined bodies with- 
out reducing them to extremely minute parts, 
and they then become friction Wheels, and 
oppoſe the mechanical generation of heat. It 
is an axiom in phyſics; that the force of vi- 
bration is as the elaſticity and force of cohe- 
fion ; and therefore heat can no more be ex- 
cited by attrition or percuſſion in friable bo- 
dies, thau in liquids, and ſuch, in the lick 
eſt ſenſe, are calcined bodies. h 

Though various other circumſtances as 
to ſhow that the fitneſs of bodies for the ge- 
neration of heat is intimately connected with . 
the ſtate of their phlogiſton, yet it: muſt be 
acknowledged by the patrons of the chymicab 
ſyſtem, that bodies are not inflammable in an 
exact ratio to the quantity of elementary fire, 
which they contain, but are more or leſß ſo 
according to the nature of the ſubſtances, 
with which it is combined. Thus, there 

IIS . may 
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may be as much of the-prirciple"of inſtam- 


mability in a bit of gold; as in à bit ef ces 


dar, yet the latter is _— bet eee, the 
former not ſo at all. ; 4 4 
* On:examining the iproperties of. combuſti 
ble bodies, we find that phlogiſton may exiſt 
in an infinity of-ſtates of combination, and 
preſent: itſelf in à variety of forms in the 
boundleſs range of natural phænomena. A 


bar of iron moderately heated ſets fire to 


wood and other combuſtibles, but though 
ignited almoſt to fuſion, it is ineapable of 
inflaming ſpirit ef wine, the pureſt of all 
inflammatie bodies. The focus even of 1 
eoncave reffecting mirror cannot inflame it, 
if proper care be taken to prevent the action 
of the fire from producing an abſolute flame: 
whence we learn, that the combuſtion of 
bodies neither depends upon the quantity of 
inflammable matter which they contain, not 
on the degree of heat applied to them, but 
on the mode ot combination, or the more 
or leſs fettered ſtate: of their phlogiſton, and 
the means employed to ſet it in motion. Is 
it not then unreaſonable to maintain that if 
fire depended on ai particular matter, the me- 
chanical generation of it, ſhould be in exact 
* t1e42 3 2 
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the bodies acting on each other? It bodies 


are not inflammable in proportion to: the 
quantity of combuſtible matter, which they 


contain, why ſhould we expect that theit 


capability of generating heat : ne 
ſhould be in that proportin??ʒñuœ 

But to evince What IL — alleged, 
that the diſpute between the mechanical aud 
chymical philoſophers, is in. fact rather about 
words than things, I ſhalb now endeavour; to 
ſhew, that the denſe, ſubtile, arid highly 


claſtic fluid, which the great Neztor,” and 


all who have contemplated natute with the 
vtmoſt attention, have denominated erber, 
and conſidered as the one omnipreſent, ani - 
mating principle of all natural, things, upon 
which every property and phenomenon of 
material-being depends, is one and the fame 
with the phlogiſtic fluid. A full demonſtra- 
ton of this propoſition would; unqueſtiona- 
by be of, very material advantage in the pro- 


ſecution of natural knowledge; that however 


wo do not abſolutely promule, bur apprehend 
chat a due attention to facts will n it to a 


high degree of probability. 


If it be admitted as an axiom in a e 


that the ſame effects in the ſame circumſtan- 
ces, can only be produced by the ſame cauſe, 
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we have the juſteſt grounds to believe that 
the ſo! much talked of ether, and the princi- 
ple of inflammabllity,” differ in nothing but 
in name. In a farmer part of this treatiſe, I 
had accaſion'ito allege that the phenomena 
of electricity, which the mectiarical philo- 
ſophers have unanimouſly attributed to the 
ethereal fluid, are really produced by phlo- 
giſton- What I then aſſerted, I ſhall now 
endeavour to evince by arguments deduced 
from well known facts and experiments. 
19. It is univerſally taught by metallurgiſty 
that the calcination of metals depends on n6 
other circumſtance than a ſeparation of theit 
phlogiſton, and that their revivification can 
only be effected by a reſtitu ion of that pri- 
ciple; but it appears from the experiments ol 
Fadre Beccaria *, and Dr. Frieſity n chat 
the calces of metals are reſtored to thex mei 
talline ſtate by the electric ſpark.” Have we 
not then every reaſon to believe that the ane 
trie matter is really the phlogiſtic fluid: 

24. It was formerly obierred that 110 
diminiſhed in proportion to the quan quantity \ of 
he with which 15 0 is ank 3 and it 
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that common air loſes a fiſth part af its bulk 
by having the electric ſpark taken in it, What 
the phyſical cauſe af this contraction in either 
eaſe may be, remains yet unexplared ; but 
durſt I hazard an opinion on the ſubject, 1 
ſhould attribute it to the attracting and ce» 
menting power of phlogiſton, by which the 
particles of air being brought iato cloſer con- 
ta& occupy, by .gonſequence, leſs ſpace, 
This hypotheſis is the more plauſible, that it 
ſtrictly coincides with what was formerly {aid 
an the principle of coheſive attraction be- 
tween the component part of mixts. But it 
is ſufficient, for my preſent purpaſe, to have 


thewn, chat the phlogiltic and the electric 


fuid produce the ſame effect. 


3/0, In the general account, which was 


given of phlogiſton, it was alleged that it is 
not anly exempt from the common laws of 
gravity, but is even polleſſed of u powers 
Which wo ſhall never perhaps be able to ex- 
plain, of diminiſhing the ſpecific weight of the 


pang into which it enters as 2-conſtitu- 


That the electric fluid is paſleded of 3 


mila power, appears from all thoſe experi- 
ments, in which the reduction of metallic 
calces is effected by it; far metals are well 
92 C c known 


appears, ſtom Dr., Prigfcy's experiments, | 
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202 The Evolution of Phlegiffon 
known to weigh more in their calcined than 
in their malleable ſtate, Beſides an ingeni- 
ous electrician, Abbe Nollet, found that a pi- 
geon loſt a hundred and fortieth part of its 
weight, and one fort of bird, à fifticth, - by 
being for ſome time electrified. He even 
found that ſeveral young perſons loſt ſeveral 
ounces more of their weight than they were 
wont to loſe in the fame ſpace of time, when 
not electrified *; and with reſpect to air, it 
is not only contracted in its dimenſions, but 
diminiſhed in its weight by the electric ſpark; 
another very material circumſtance, in which 
the electric matter and the ne, of inflam- 
mability agree. 

470. It appears from a nber of curious 
experiments inſtituted by la Fontana, and 
made on ſeveral different ſpecies of animals, 
that the electric ſhock, and phlogiſticated 
air, deſtroy animal life in the very ſame man- 
ner ||. In both inſtances, ' animals, if not 
inſtantaneouſly killed, die ene con- 
vulſed. 

5to. The phlogiitic 2 electric fluid coin- 
cide i I other A beligs n al- 
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ready mentioned. Both are attended with light, 
both produce flame, promote the growth of 
vegetables, expand fluids, precipitate lime 
trom lime-water, and change the blue colour 
of liquors tinged with ia Juices, to 
mg; 16275, 

Laſtly, The elearicity a non- electricity 
of bodies depend upon the quantity and par- 
ticular modification of their phlogiſton. Va- 
rious attempts have been made, and theories 
offered to explain the ſpecific difference be- 
tween the conductors and non- conductors of 
electricity; but after attentively reviewing all 
the experiments, and collating the facts re- 
cited by thoſe truly ingenious philoſophers, 
Franklin, Nollet, Beccaria, and Prieſtley, 1 
am induced to aſcribe the conducting power 
of bodies to their being ſo fully ſaturated, if 
I may fo ſpeak, with phlogiſton, as not to 
be capable of attracting and retaining any 
more of it. This opinion is the more plau- 


fible, that numberleſs experiments ſhew that 
bodies tranſmit the electric matter more or 


leſs perfectly, in proportion to the quantity of 
phlogiſton which they, at the time, poſſeſs. 
Thus the atmoſpheric air, when cold, is 
electric; when hot, or in any ſhape phlogiſ- 


ticated, it becomes an excellent conductor. 
Cc 2 21 
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The fame holds true with relpect to glaſs; 
when cold, it k electrical; when red hot, 2 


dondudor. All metallic calces are elcctric, 


but, by being fuſed with charcoal, they at- 
tract its phlogiſton, and are thereby reſtored 
to a ſtate of malleability, and non- electricity. 
Theſe few of the many and various inſtances, 
which tend to ſhow that the electrical Nate 
of bodies chiefly depends upon the principle 
of inflammability, may, it is hoped, ſuthce 
to evince the truth of that poſition *. 

Thus far, I preſume, our endeavours to 
reconcile two opinions, ſeemingly different, 
tave been ſucceſsful; for it the electric and 

iſtic matter be what we have reaſon to 
believe them, one and the fume principle, it 
by conſequence follows, that, fince the News 
ronian ſyſtem accounts the etherial medium 
the efficient cauſe of all the phznomena of 


electricity, whatever properties and powets 


Mr. Kmlry found that the addition of of te cho- 
<olate, reſtored completely its electricity, -when loft f. 
As the large Proportion of phlogiſton in oil is well 
known, it feems allowable to conclude that the effect, 
produced in the above inftance, depended on this cir- 
cumftarte, and by confequence, that the dleQric mat- 
ter is a thodification of the 1 
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have been aſcribed to it are with equal juſtice 


and propriety to be attributed to phlogiſton. It 


is further to be obſerved, that as the electrical 
aura produces flame, expands fluids, and aug- 
ments their natural evaporation, and in many 
vther particulars reſembles the action of fire, 
whatever has been advanced in favour of it, 
or the ethereal fluid, in this reſpect, operates 
equally in favour of the principle of inflam- 
mability. ä 

The ethereal medium has not only n 
conſidered by the mechanical philoſophers, as 
the cauſe of electricity, but alſo as the cauſe 
of light. In order therefore to evince the 
identity of the ethereal and phlogiſtic fluid, it 
will be incumbent upon me to ſhow that 
light either is phlogiſton, under a particular 
form of action, or at leaſt, that it abſolutely 
depends upon that principle. 

Here opens 
and fpeculation ; but, as I have neither time 
nor genius to proſecute the ſubject, in the 
manner I ſhould wiſh, and which it deſerves, 
I ſhall only attempt an inveſtigation of the 
nature of light ſo far as regards the preſent 
queſtion, To promiſe any thing new on a 
tubje&, which has exerciſed the ingenuity 


* the ubleſt philoſophers of every Pos 
— 


a boundleſs field for enquiry 
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might juſtly be deemed vain. and arrogant; 
and therefore, that the reader may not be 
diſappointed, it is proper to inform him, 
that the ſole aim of the ſubſequent enquiry 
s to place ſome conteſted points in a clear- 
er light than they haye hitherto 
peared in; and to ſhow that the materia ſub- 
tilis of Deſcartes, the ethereal medium of 
Newton, and the phlogiſton of the chymiſts 
are materially, if not formally, the ſame. 
What is light? How is it formed? and of 
what ſubſtance? Theſe are queſtions, which 
have been canvaſſed and diſputed with great 
eagerneſs ſince the firſt origin of ſcience and 
philoſophy ; and numberleſs are the con- 
jectures which at different periods, have ari- 
ſen concerning them, in the ſchools of learn- 
ing. Ariftotle informs us that Empeacles, 
one of the earlieſt philoſophers of Greece, 
taught that light was an emanation of certain 
luminous atoms ſubtle enough to pervade the 
inviſible pores of air, water, and other dia- 
phanous bodies. Plato ſeems to have been, 
in every material circumſtance, of the ſame 
opinion : and further maintained, that colour 
is no more than an extremely rare and ſubtile 
flame, capable of penetrating the denſeſt bo- 


dies. The fame doctrine has been ſtrenu- 
5 ouſly 
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ouſly ſupported by Leucippus, Epicurus, and; 
Lucretius, and” ſeems even' to coincide with 
that of Democritus. With reſpect to Arif 
totle, he defines light to be the act of a tranſ- 
parent body conſidered as ſuch; and adds, 
that light is not fire, nor is it any thing bodi- 
ly radiating from the luminous body, and 
tranſmitted through the tranſparent one, but 
the mere eſſence of fire, or ſome other lumi- 
nous ſubſtance at the tranſparent body. This 
ſeems to have been the real opinion of the 
founder of the Peripatetick ſchool, though 
many of his followers have miſtaken it, and 


foiſted on him another very different, making 


light and colours qualities of the luminous 
bodies themſelves, and in every reſpect ſimi- 
lar to mr ſenſations 1 3 excite in 
us. a 

M. Deſerts has refined confiderablyi on 
the Ariſlotelian doctrine. He maintains that 
light, as it exiſts i in the luminous body, is no- 
thing but a power or faculty of exciting in us a 
very clear and vivid ſenſation; and that the in- 
viſible pores of lucid bodies are pervaded by a 
certain ſubtile and highly elaſtic matter ca r 7674 
of being impelled by theſe bodies, and of pro- 
ducing on the organs of viſion, when pro- 
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perly formed, the perception af light ®, Va. 
rious opinions have been broached on the 
nature of light, ſince the days of the vortical 
philoſopher. Some have explained it from a 
ſuppoſed analogy betwixt it and found . 
Others have confounded light with air, which 
they call ſfirit, and think they differ only 
as metals melted and unmelted, and that 
light « condenſed, ſtorkned and cold, be- 
comes ſpirit again ||.” But the only opipion 
which merits to be ſeriouſly conſidered, is 
that of Sir Jſaac Newton, That immortal 
philoſopher was the firſt who diſcovered the 
fixed and general Jaws of light, and proved 
by the different refrangibility of its rays in 
paſſing through a glaſs priſm, that it conſiſts 
of ſolid particles of matter, In explaining 
more particularly the nature of light, he ſays, 
te that it is refracted and reflected by an 
« ethereal medium, by the vibrations of 
« which, it communicates heat to bodies, 
« and is put into fits of eaſy reflection, and 
and ealy tranſmiſſion . Theſe are the 
chief opinions of ancient and modern philo- 
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ſophy concerning the nature of light: But as 
I cannot, without deviating from my intended 
plan, enter upon a minute diſcuſſion of their 
reſpective. merits, I ſhall content myſclf with 
obſerving i in general, that my notion of light 
is, © that it conſiſts ot certain ſubtile particles 
« of matter emitted, or reflected, from every 
« point of the ſurface of a luminous body in 
« right lines, and in all directions, with an 
« unparalleled force, and almoſt inconceiva- 
* ble velocity.” 

The inveſtigation « of the nature Is eſſence 
of the conſtituent particles of light will, 1 
fear, be attended with extreme difficulty. In 
the petipatetick ſchool, light was conſidered 
as a ſubſtance neither purely ſpiritual, nor 
purely corporeal, and was therefore defined a 
materia media; and indeed, when we con- 
template, with a philoſophic eye, the aſto- 
riſhing effects of light, we find ſufficient 
grounds for accounting it of a nature widely 
different from lampiſh, groſs, inactive, mat- 
ter. That light, however, is material, and 
its operations merely mechanical, cannot 
with any ſhadow of probability, be dilputed. 
The materiality of light not only appears 
from its being propagated in time, but trom 


ts not bending into the ſhadow, which it 
mg: 2: ſhould 
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ſhould Güte ally do, were it a mere tel. 
ſton, or pulſion. The wonderful effects, 


which it produces on other bodies, ſufficiently. 
demonſtrate that it is à corporeal being. 


The ſolar rays are not only capable of being 
collected by a burning glaſs, but, when col- 


lected, exhibit marks of a power altogether 


irreſiſtible. If a diamond, the denſeſt and 


hardeſt of all terreous bodies, be placed in 


the focus of a burning mirror, the light im- 
mediately enters it, tears its parts aſunder, di- 
vides, and diſſolves them. Here we perceive 
the lens acting upon the light, and the light 
upon the diamond. Since therefore light 
both acts, and is acted upon by matter, 
would it be conſonant with ſound philoſophy 
to queſtion its materiality ? If matter be at all 
admitted of in the univerſe, we muſt allow 
its properties to be material, and not ſpiri- 
tual, To endue matter with properties, which 
do not neceffarily depend on its being ſub< 
ſtance, is to poſſeſs it of a ſoul ; and to ſub- 
ject ſoul to the laws of material mechaniſm, 
is abſurd and inconfiſtent, 80 far as we can 
trace the operations of nature, ſhe proceeds 
mechanically, and we have reaſon to beljeve 
that all her enetgies depend on the ſume prin- 
ciples, With reſpect to the notion of vccult 

” qualities, 
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qualities, it muſt have ſprung from the pride 
and ignorance of man. The more we ſtudy 

nature, the more we are convinced that all 

the properties of matter are either chymical | 
or mechanical, I mean, that they are the ne- h 
ceflary and conſequential effects of the origi» it 
nal properties of atoms adhering together in 1 


various forms. 1 
It may therefore, I apprehend, without 4 
further. inveſtigation, be aflumed as a fact, 0 


that light is as certainly a corporeal ſubſtance, 
as the lens, which converges it, or the dia- 
mond it tears aſunder; and that all its pro- 
perties and effects are the immediate neceſſary 
conſequences of its material mechaniim. 
By dwelling ſo long on the materulity of 
light, I may perhaps ſeem to have treſpaſſed 
on the judgment of thoſe, who never called 
it in queſtion ; but as it is {till by ſome con- 
ſidered as rather partaking of a ſpiritual than 
bodily nature, I judged it abſolutely neceſſary 
to remove every doubt on the ſubject, betore 
I ſhould proceed to enquire more particularly 
into its-firſt principles. Io have attempted the 
inveſtigation of a ſubſtance, while it remained 
doubtful, whether it was body, or pri, 
would have been truly abſurd. 1 15 
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The unparelleled ſubtlety of light, and the 

conſequent impoſſibility of ſubjecting it to 
chymical analyſis, render every enquiry into 
its eſſence peculiarly arduous and difficult. 
The only method, therefore, of proſecuting 
this ſubject with any probabiliry of ſucceſs, is 
to contemplate light in its effects, to inveſti- 
gate theſe with accuracy and attention, to 
collate them with fmilar phenomena, and 
endeavour to reduce both to the ſame gene- 
ral cauſe. Thus, perhaps, by a flow and 
cautious induction, we may be enabled to form 
ſome judgment of the matter of which light 
cConſiſts, as well as of the relation which it 
bears to other ſubſtances in the ſyſtem of na- 
ture, It was formerly obſerved that Plats 
defined light, © an extremely rare and ſubtile 
flame,” The truth, however, of that defini- 
tion has been queſtio::ed by many celebrated 
philoſophers, both in ancient and modern 
times, and continues to this day a ſulject of 
debate in the ſchools of learning. Whether 
the ancient ſage, or the impugners of his 
doctrine have the juſteſt claim to our aſſent, 
will, I truſt, be determined, with ſome de- 
gree of certainty, by contemplating the con- 
nection that ſubſiſts between light and fire. 

Many and various are the phænomena, 


which 
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which point out the moſt intimate and im- 
mediate connection between light and fire. 
We all know that thoſe - bodies, wh ch are 
heated moſt intenſely, are moſt luminous, and 
that the light of the ſun concentrated by con- 
vex. glaſſes produces a degree of heat altoge- 
ther irreſiſtible. Here we perceive that fire 
produces light, and that light produces tie 
moſt intenſe heat. If, therefore, the I me 
cauſes produce the ſame effects, or invert the 


axiom, if the ſame effectèe proceed from the 


ſame cauſes, it muſt in the preſent inſtance 
be inferred, that light and fire are either one 
and the ſame ſubſtance, or at leaſt in the im- 
mediate chain of cauſe and effect. Both 
theſe ' poſitions, however, have been ſtrenu- 
ouſly impugned by Boerlaave; but, in ſup- 
porting the contrary opinion, he ſeems to 
have loſt himſelf in a labyrinth of confuſion, 
He wonders why the rays of the ſun con- 


centrated in the focus of a burning lens ſh-uld. 


produce ſuch an intenſe heat, while thoſe of 


the moon, collected by the ſame mirror, have 
not the leaſt effect upon the moſt ſenſible 


thermometer *. He thinks he ſolves the pro- 


blem by ſaying that the rays of the ſun are pa- 


rallel, while thoſe of the moon are not ſo. That 
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however is a fanciful diſtinction. Both the ſolar 
and lunar rays may be conſidered. as parallel, 


and are in fact phyſically ſo; but ſo great is 


the difference between the light of the ſun 
and moon, that hardly any compariſon can 
be inſtituted between them. M. Bouguer 
found, upon a nice and accurate calculation, 
that the denſity of tlie ſolar rays is to the 
denſity of thoſe of the moon as 3, ooo, ooo 
to one. But as the light of the ſun when 
converged, by the beſt mirrors, into a, focus, 
is hardly 300 times denſer than before, and 
as the degree of heat is always in proportion 
to the number of rays, what reaſon is there 
to wonder that the light of the moon, tho 
concentrated by a convex lens, does not ſcn- 
ſibly affect any thermometer conſtructed of 
ſuch materials, as we are yet. ME 
with ? 

The ſame arzument that ſhews the fallacy 
of Dr. Beerbaave's objections to light and 
fire being eſſentialiy connected, will, @ for- 
| Ziori, remove the doubts of thoſe, who main- 
tain the ſame opinion, on no other account 
than becauſe they have obſerved that glow- 
worms, the Bo/ognian ſtone, and ſuch ſub- 
ſtances as are luminous in the dark, have no 
effect on the moſt ſenſible thermometer, If 


the 
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the diſparity between the light of the fun and 
moon be too ſinthehſe to admit of any com- 
pariſon; what muſt it be between the light 
emitted frorfi that vaſt luminary, and from a 
glow-worrh ? A drop of water compared to 
the boundleſs ocean, or a grain of ſand to 
the terreſtrial globe, do not :fford us an ade- 
quate idea of the difference ſabſiſting between 
them. The connexion of light and fire is 
further evinced by the well known effects of 
the latter upon moſt natural bodies, Innu- 
merable expetiments ſhow that there is a cer- 
tain degree of heat at which bodies become 

luminous,” and- that all bodies, which ſuſtain 

that heat without being converted into va- 
pour, may univerſally be ignited. There are 

even ſome ſubſtances, which, though they 
evaporate at a degree of heat far below that 

at which they ſhould begin to ſhine, may, by 

proper management, be ignited. We haye 

not yet been able to confine water fo as to 

make it red hot; but, that this is not impoſ- 

ible, appeats ſufficiently from the æolipile 

vapour, which has been trequently obſerved 

to aſcend in a blue flame, 

Having now pointed out a conſtant and ne- 
ceſſary relation between light and fire, I ſhall 
70 one ſtep farther, and endeavour to ſhow 

that 
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that they are eſſentially, or materially; the 
ſame. The moſt ſuperficial view of the gom- 
mon phznomena of nature teaches. us that 
light and fire are commutable into each other. 
The inflammation of all combuſtible ſub. 
ſtances generates light ; and the light of the 
ſun concentrated conſtitutes a fire no leſs 
intenſe than pure. As we do not in the laſt- 
mentioned inſtance perceive any pabulum ig- 
nis, we are by conſequence to infer that the 
ſolar rays do really conſiſt of pure elementary 
fire. Light, therefore, and fire ſeem to ſtand 
in the ſame relation to each other, as vapour 
and water, Concentrated light conſtitutes 
actual fire; condenſed vapour, water. 
It will now, I preſume, appear, that when 
Plato defined light © a rare and ſubtle flame,” 
2 par xa: uri, he Came much nearer the 
truth than later philoſophers have in general 
imagined, Can we defire a more convincing 
proof of the ſolid judgment and penetration 
of that ancient ſage, than that after the lapſe 
of ſo many centuries, and the vaſt progrels 
made in the. ſcience of nature, we are undet 
the neceſſity of rejecting the theories of mo- 
dern times, in order to revive his long explo- 
ded doctrines, as the moſt conſonant with 


facts and experiments: For if, to the argu- 
| ments 
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ments already brought to evince the identity 
of light and fire, it be added, that light and 
heat diffuſe themſelves from a center out- 
ward; that they act in ſtraight lines, and are 
ſubject to the ſame laws of reflection, we can 


hardly, I think, withhold our aſſent from 


the Platonick doctrine. Before I diſmiſs the 
ſubject, it will no doubt be expected that 
I ſhould take notice of two difficulties urged 
by the impugners of the above opinion. 
. If light and fire be materially the ſame, 
whence doth it happen that ſome bodies emit 
a conſiderable quantity of light without ex- 
citing any ſenſible heat? 2d/y, Whence do 
other bodies on the contrary excite a conſide- 
rable degree of heat, without emitting light? 

With reſpect to the firſt of thoſe queſtions, 
it has been already diſcuſſed at ſufficient 
length; and as to the ſecond, it will, I ap- 
prehend, admit of a ſolution on the funda- 
mental principles of our general theory of 
light and heat. A late ingenious writer, Mr. 
Cole, has brought ſeveral cogent arguments 
to prove that the ſenſation of light depends 
on the number of the particles compounded 
with the velocity v. But admitting that the 


 ® Obſexry. and ConjeR. on Light and Comets. 
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ſame particles ſhould always excite ſenſations 
both of light and heat, if they were to ſtrike 
the body with a certain degree of velocity, 
and in a certain quantity, the reaſon till re- 
mains to be enquired, why bodies emit thoſe 
particles with different degrees of - velocity, 
Though ir muſt be acknowledged that we 
have not ſufficient data to determine this 
point with abſolute certainty, yet various 
chymical phenomena render it highly proba- 
ble that the circumſtance, on which, depends 
the difference, with which bodies emit their 
igneous and lucid particles, is to be ſought 
for in the ſtate of their phlogiſton. We find 
that all bodies, which are readily inflamed, 
give a ſtrong and copious light, and are ſoon 
decompounded without producing a very in- 
tenſe degree of heat; and that thoſe ſubſtan- 
ces on the contrary, which are not combuſ- 
tible, and are very flowly altered by fire, do 
not begin to emit light till they be iutenſely 
hot, and then do it but ſparingly. Now, as 
the ſpecific difference between inflammable 
and non-inflummable ſubſtances depends 
chiefly, it not ſolely, on the more or lels 
fixed ſtate of the phlogiſtic fluid, it is not to 
be doubted that the difference with reſpect to 
their exciting of light and heat is to be en- 

tirely 


- = _2xXX ac w2i__aa___a Ol. cat. anon. 


| 


— 


is attended with Heat, 219 


tircly attributed to the ſame circumſtance. 
And in fact, it is notorious that thoſe bodies, 
which contain moſt of the principle of in- 
flammability in a looſe and ſeparable ſtate, 
are of all others the eaſieſt inflamed, the 
ſooneſt ; conſumed, and emit; the greateſt 
quantity of light, Thoſe on the contrary, in 
which that principle is ſtrongly fixed by the 
matters with which it is combined, become 
intenſely .hot before they begin | to. ſhine, 
Thus a ball of iron does not appear luminous 
in the dark, till it has arrived at 635 of 
Farbenbeit's thermometer and muſt be heat- 
ed greatly beyond this before it can be ſtyled 
red hot. Before iron ſhines brightly even in 
the dark, it muſt be at grad. 752 f; and 
then, it has no perceptible ſplendour in the 
twilight, and when heated almoſt to fuſion 
hardly, in ſtrong day-light, appears ignited. 
The reaſon of this ſeems to. be that, in iron, 
the phlogiſton is ſo ſtrongly attracted by the 
other conſtituents, that, till a very high de- 
gree of heat be produced, the inteſtine agi- 
tation is not ſufficient to extricate that prin- 
ciple; and without a ſeparation of it, no 


* Newton. Princip, 
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light is on any occaſion excited. This ex- 
planation 'of the matter is the more probable 
that iron never reaches the ſhining point of 
heat, without having its external lamina re- 
duced to a calx; and that will obtain more 
or leſs according to the degree of ignition, 
and the time it continues. 

Dince, therefore, it is apparent that 128 
no decompoſition takes place, no light 1s ex- 
cited, and that the more or lets perfect de- 
compoſition ot bodies depends upon the more 
or leſs ſeparable ſtate of their phlogiſton, it 
ſeems conſiſtent with facts and experiments, 
to conclude that the phænomena of light and 
heat are to be chiefly attributed to the parti- 
cular modifications of that principle, and to 
the facility with which it is detached from 
the other component parts of mixts. Hence 
light and fire ſtand in the ſame relation to 
each other in phyſics, as love and luſt do in 
ethics; for as, according to the poet, 


Luft, Site fome certain {trainers well refin'd, 
Is gentle love, and charms all womankind ; 


80 light is fire through ſome certain ſtrainers 
well refined ; that is, both light and fire de- 


pend on one "and the Game material cauſe, the 


phlogiſtic fluid ; but this principle ſeems to 
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exiſt in a more pure and fimple ſtate, or to 
be leſs incumbered with terrene. gravitating 
particles in the former than in the latter &. 
Having now aſſigned the reaſon, why the 
ſenſations of light and heat are not always 
conjoined, I ſhall in a few words endeavour 
to make it appear, that the etherial medium, 
to which Sir Jaac Newton had recourſe, in 
order to explain his admirable theory of light 
and colours, muſt neceſſarily be the fame 
fluid as what we now denominate pbl-gr/ton. 
That illuſtrious philoſopher, in his invaluable 
treatiſe on optics, ſuppoles that an elaſtic ſub- 
tle medium, which he calls ether, is expand- 
ed through the vaſt regions of ſpace and per- 
vades all bodies; and that, through it, the 
1 of 1 are conveyed from the fon and 


N. B. There i is ſtill another NPE in which 
light and phlogifton ſeem to agree; viz, that as the 
phznomena of light and heat are owing to the phlogiſ- 
ton being in a certain degree of motion, ſo the lucidity 
of the particles of light, depends on their velocity; and 
when this is diminiſhed beyond a certain degree, they 
are no longer luminous. It is thus only that we can 
rationally account for the ſudden annihilation of tho 
immenſe quantity of light emitted from the ſan during 
the day, and for the total extinction of heat on the prin- 
ciple of gere mne fixed in bodies. 


other 
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other lucid bodies to the various parts of the 
mundane ſyſtem. 

In ſupport however of this opinion, he 
has not advanced a ſingle poof, and ſeems 
to have given it with no other view, than to 


ſuggeſt matter for further enquiry. Some late 


writers nevertheleſs, for reaſons only known 
to themſelves, have aſſumed the exiſtence of 
ſuch a medium as a matter of fact, and at- 
tempted to account for all the phenomena of 
light by its different modifications. Had 
thoſe gentlemen reflected that it is a maxim 
in the ſtudy of nature, not to multiply agents 


raſhly and without neceſſity, they moſt aſſu- 


redly would have at leaſt demonſtrated the 
phyſical neceſſity of ſuch a contrivance, be- 
fore they aſſumed, as a, fact, the exiſtence of 
an agent, in favour of which, they had not 
a ſingle argument to offer. t 

If, according to the Neufonian ſyſtem, 
light be really compoſed of ſolid particles of 
matter, and pre jected from the luminous 
body with an inconceivable velocity, what 
reaſon have we to ſuppoſe the force with 
which it is emitted inſufficient to convey it 
to its place of deſtination? Why call in the 


aid of a conducting medium, of which we 


not only have no evidence, but of which we 
cannot 


fc 
la 


is attended with Heat, 223 


cannot even form a clear and diſtinct idea? 
But did we grant the exiſtence of ſuch a me- 
dium, ſhould we not be under the neceſſity of 
having recourſe to a third agent in order to ex- 
plain its laws, mechaniſm, and mode of ope- 
ration ? In ſhort, why ſuppoſe light ſo power- 
ful in ſome 1nitances, and impotent in others? 
« Do not (fays Newton) bodies and light act 
« mutually upon one another, that is to ſay, 
« bodies upon light in emitting, reflecting, 
« refracting, and infleCting it, and light up- 
e on bodies for heating them and putting 
e their parts into a vibrating motion, where- 
* in heat conſiſts? And are not groſs bodies 
e and light convertible into one another, and 
« may not bodies receive much of their ac- 
te tivity from the particles of light, which 
« enter into the compoſition ?? Do not 
theſe mark the power and activity of light, 
and ſhew that it pervades all bodies whether 
diaphanous, or opaque, and with this diffe- 
rence only, that it is tranſmitted through the 
former, but ſtops and becomes fixed iu the 
latter ? It is ſucely then more conformable to 
the ſimplicity of nature to aſcribe all the well- 
known properties and energies of light to 
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the powers inherent-in, and inſeparable from 
its nature and conſtitution, than to attribute 
them to a medium of the exiſtence of which, 
we perceive as little neceſſity, as we find 
proofs, 

Though I have already pointed out a va- 
riety of circumſtances, tending to ſhew that 
the chief debates that ſubſiſt between the 
chymical and mechanical philoſophers turn 
more on words than things, I cannot diſmiſs 
the ſubject without endeavouring to evince, 
what I have often hinted, that the matter of 
light either is, or contains, phlogiſton ; and 
that to this principle is owing both the ſenſa- 
tion of light, and heat, It was formerly ob- 
ſerved, that as we perceive nothing during 
actual inflammation, but a ſtream of light 
and heat, we muſt, if we truſt to our ſenſes, 
neceſſarily conclude that light and heat are 
excited by phlogiſton, or ' in other words, 
that the ſame matter, which in a ſeparate 
ftate, produces theſe phenomena, is, when 
modified in bodies, the principle of their in. 
flammability *. If we ſurvey the variou 

operations 

Our phlogiſton, ſays M. Senebier, is to ordicary 


fire what light is to phlogiſton, Ordinary fire goes out 
without aliment ; its intenſity varies; it is produced by 


the 
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| operations of nature with that attention and- 
ö accuracy, which are neceſſary in the proſe»! 
? cution::of. phyſical inveſtigations, I venture 
| to ſay, that wWe ſhall not meet with a ſingle 
mſtance, from which it will appear that heat. 
þ or light can be excited without the manifeſt 
ö concurrence of this elementary principle of 
: fire. Every part of nature affords tacts in 
a ſupport ot. this opinion, Contemplate the 
0 great luminary, which enlightens the univerſe, 
y and without whoſe genial warmth both aui- 
. mal and vegetable life muſt ceaſe, and all na- 
ture become one lifeleſs, torpid, ditmal ruin, 
nud it will be found that every, ray is fraught 
with the phlogiſtic fluid, 
8 Various ſubſtances, merely upon being ex- 
poſed to the ſolar beams, attract a quantity 
„of that principle, which becomes fixed and 
produces the ſam e effects, as if an inflam- 
k, W mable matter bad been united to them. Of 
is WF this, among numberleſs others, the  Fboſpbo- 


en u, Bononienfis is a no leſs curious than ſtri- 
in king inſtance. lt is a ſpar found in the 
VU BN neighbourhood of Bologna, containing a large 


ary. WW the expanſion or developement of phlogiſton, occaſioned 
out dy the diſſolution of the body which contained it. ide 
Memoir ſur le Phlogiſtique. 
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quantity of gypſeous matter. When proper. 
ly n it, on being expoſed to the-light 
of the ſan, acquires the property of ſhining in 
the dark; nay, it even yields in the dark, 
after being expoſed to the coloured rays of the 
ſun, the ſame coloured light to which it had 
been expoſed. This was firſt obſerved by 
Father- Beccaria of Turin, and confirmed by 
Profeſſor Allamand in Holland, It is, how. 
ever, to be remarked that hot ſun- ſhine de. 
prives this ſpongia ſolit of its quality of ernits 
ting light, till it be calcined a- ne w, and con- 
ſequently for the experiment to ſucceed, it i; 
neceſſaty the rn ſhould be made in a 
ſhady place, 
- The nature of this ngulat phecoinctca 
can only, I think, be explained in the fal- 
lowing manner. The ſtone being robbed of 
its phlogiſton by calcination, attracts, when 
expoſed to the ſolar rays in a ſhady place, a 
{mall portion of that principle, which being 
inſufficient to reſtore the affinity of coheſton 
among the parts, remains in a very looſe and 
ſeparable ſtate; whence it happens, that the 
ſtone being brought into a medium that has 
a ſuperior attraction. for the principle of in- 
flatamability, this flies off, and in its flight 
becomes viſible ; _ by being expoſed for s 
A conſiderable 
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conſiderable time to the direct rays of the 
lan, it imbibes and fixes ſuch a. quantity of 
phlogiſtan, as in ſome degree to regeneratg 
thoſe original properties, of which it had 
bern deprived by the los of that fluid in cal- 
nation, 

Dr. Black has aa; to account for 
this fingular property of the Banonian phoſ- 
phorus, by ſaying that the phlogiſton of the 
charcoal, uſed in the calcination, is united to 
the acid of the gypſeous matter, and becomes 
brunſtage, but ſtill adheres to the calcarious 
earth, and this, by its action upon the acid, 
diminiſhes the coheſion between it and 
the principle of inflammability, in ſuch 2 
manner, that the particles of light are ſuffi- 
cient to diſpoſe it to be inflamed. But grant» 
ing that to be the caſe, Why ſhould not a de- 
gree of heat equal to that derived from the 
heat of the ſun produce the ſame effact, as it 
does? Beſides, how, on Dr, Black's princi- 
ples, is the abolition of the phoſphorical qua- 
lity of the Bologma: ſtone by the diredt rays 
of the ſun to be accounted for? In ſhort, if 
we ſuppoſe a tranſmutation of the inflammable 
principle of the phoſphorus into light, how 
ſhall we be able to account for its emitting 
We fame particles of light, which it had im- 

c Ff 2 bibed; 
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bibed; ſo that if red rays only are thrown 
upon it, it appears red; and if it be expo- 
fed to blue ravs only, it appears blue? And 
till theſe queſtions be ſolved, this opinion, 
however ingenious, muſt be inadmiſſible. 
That this phenomenon is not owiug to the 
heat of the air, as he ſuppoſes, but to the 
phlogiſtic fluid in the ſolar rays, is further 
confirmed by ſeveral ingenious electrical ex- 
periments inſtituted by Mr. Lane, and related 
by Dr. Prieſ{lev v. The above gentleman 
obſcrved- that by making the electric ſpark 
paſs over any kind of gypſeous earth, and 
calcarious ſubſtances, whether animal or 
foſſil, the part over which the aura had 
paſſed was luminous, and retained that ap- 
pearance for ſome time, Mr. Lane perform- 
ed the above experiment on the Bononian 
ſtone, and found that the electric ſpark pro- 
duced the ſame effect as the light af the 
ſun, - 

It may be brought as a proof of the pres 
ſence of the inflammable principle in the rays 
of the ſun, that combuſtible bodies of every 
kind are conſumed with much greater rapidi- 
ne night, e TR oY 
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ſhade than in the ſun, The reaſon, though 
perhaps never attended to, is obvious, It is 
the nature of all inflammable ſubſtances not 
to part with the phlogiſtic fluid, unleſs the 
ſurrounding medium attract it more power- 
fully than they do. Hence the air in the di- 
rect rays of the ſun, being in ſome meaſure 
ſaturated with that principle, draws it but 
ſlowly from the bodies with which it is com- 


bined; For inflammation on all occaſions. 


will be more or leſs rapid, according to the 


quantity of phlogiſton, with which the eir-⸗ 


cumambient air is impregnated. 

Phytology likewiſe affords ſeveral facts which 
plainly tend to corroborate the foregoing opi- 
nion, Experience has taught us that light is 
as much and perhaps more neceſſary to perfect 
vegetation, than the atmoſpheric air. There 
are a number of experiments publiſhed in 
the memoirs of the French academy, which 
were inſtituted with no other view than to 
aſcertain the cauſe of the green colour fo 


univerſal in vegetables. Various theories had 


been offered to explain the fact. Some had 
ſuppoſed it owing to the univerſal aerial acid; 
ſome to an alkali; and others to a ſmall pars 
tion of ferruginous matter diſcoverable in 
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the following . circumſtances will, I appres 
hend, leave no room to doubt that the green 
colour of plants —_— ng on the ſolar 
light. 
I appears from igconteſtible fas, that the 
root of the moſt variegated flower, though 
excluded from the external air under a glass 
veſſel, will, provided it be daily expoſed to 
the light of the ſun, arrive at it» utmoſt pet- 
fection with ræſpect to fragrance and colour; 
but if the proceſs be reverſed, and the air 
admitted without the light, the flower may 
perhaps grow to its natural fize, but we is 
vain ſhall look for that beautiful variety of 
vivid colours, and for that exquiſite perſume, 
which nature beſtows on every individual of 
the ſpecies, when. permitted to imbibe from 
the ſolar beams the phlogiſtic fluid. I. 

fame fact is further evinced by a variety of 
experiments performed by ſeveral French acar 
demicians, in which the light was admitted 
to one part of a plant, and excluded from 
the others. The invariable effect of this 
was, that the part expoſed to the ſun became 
of a lively green, and that, which was ſha- 
ded, continued of a diſagreeable pale colour: 

nay, ſo powerful, are the effects of the ſun 


aht gn vegetables, that when depriyed pf i 
ale © + - | their 
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their taſte and other native properties under 
go ſuch a change, that ſome in their nature 
poiſonous, become a ſafe and wholeſome 
food. On * is . 2. of 
blanching, ' 655 ? ma 
All theſe crmfienhit evidently rate that 
there is ſomething in light abſolutely noceſ- 
ſary to vegetable life. It is no doubt an this 
account that all plants ſhew a remarkable ſen- 
ſibility to the light. They expand their 
leaves, and open their flowers to the ſun; and 
the moment he diſappears, they cloſe them. 
This curious phenomenon is not to be ex- 
plained on mechanical principles. Many ac- 
curate experiments ſhew that it is not the 
beat, but the light of the ſun, that cauſes 
them to turn to him. A plant in a room, 
where there is à fire, turns its flowers to the 
light, which comes from the | colder ſide. 
beſides this influence of light on the growth 
of plants, it ſeems to contribute to their nou- 
riſnment. It is well known that various ve- 


getables grow in water alone, provided that 


they be expoſed to the light: nay, it is high» 
ly probable that trees and plants derive ſo 
great a part of their nouriſhment from light 
and water, that if they were not deſtroyed 


— 
corrupt 
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corrupt on the ſurface of the earth, they 


would return with increaſe into its boſom, 
and feed rather than impoveriſh it. But tho 
we can readily conceive that plants growing 
in water obtain their terrene parts from it, 
which not only diſſolves earth, but is con- 
vertible into it by fire and trituration, yet it 
is not ſo eaſy to explain whence they derive 
the inflammable matter, which they: all with- 
out exception contain, 

It has been already ſhewn, that the green 
colour of vegetables is owing to the ſolar 
light; and the ſubſequent facts will, I appre- 
hend, leave little room to doubt that their 
inflammable matter comes from the fame 
ſource, If the juice of a ſucculent plant, 
ſuch as lettuce, be expreſſed in a mortar, it 
will at firſt appear uniformly green; but, if 
permitted to ſtand, the green part ſeparates 
from 'the watery, and forms a ſediment, 
which, when collected and ſubjected to fur- 
ther experiments, is found to be of an olea- 
ginous nature, for it will not diſſolve in wa- 
ter, but readily in oil, or ſpirit of wine, to 
which it gives a green colour. Here then 
we find that the light of the ſun produces 
the green colour of plants, and that the ſub- 


Kance in Which it reſides ſeems to be an oil; 
and 
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and may we not therefore with great juſtice 
conclude that the light furniſhes the oleagi- 
nous matter, and is the chief if not * cauſe 
of its introduction into vegetables. b 
We ſhall have little difficulty in fabſeribing 
to the above opinion, if we reflect that light 
is capable of being attracted by metallic cal- 
ces, and of reſtoring to them the principle of 
inflammability. We are likewiſe by analogy 
furniſhed with ſeveral arguments in ſupport 

of the ſame poſition. It was evinced in a 
former part of this treatiſe, that the phlogiſ- 
tic fluid is really the colouring matter in the 
bile and blood, and that by depriving them 
of it, their taſte, colour, and other ſenſible 
qualities are utterly deſtroyed: and ſince, by 
excluding the ſolar rays from growing plants, 
they never acquire their natural colour, taſte, 
or ſmell, are we not warranted to infer that, 
as thoſe qualities in other ſubſtances depend 
on phlogiſton, it is this principle which light 
ne to vegetables *, This deduction will 
| / G g not 


Colour, conſidered in the coloured body, is, ac- 
eording to Newton, no more than a certain diſpoſition 
of its ſurface, which fits it to reflect ſuch and ſuch rays 
of light; but the chymiſt, who pervades the intimate 
texture of bodies, diſcovers ſomething more. He finds 


that 
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not appear raſh or groundleſs to thoſe, who 
have obſerved that atmoſpherical air charged 
with phlogiſton, powerfully promotes vege- 
tation, and would perhaps, if properly and 
plentifully ſupplied, compenſate the abſence 
of the ſolar light. Various experiments alto 
prove that the electrical aura is no lets friendly 
to the growth of plants, than phlogiſticated 
air: a fact, which evidently tends to ſhew 
that the inflammable matter of Wann 
derived from the ſun. 

Vegetation may juſtiy be reckoned the 
great proviſion in nature for preſerving and 
reſtoring the ſalubrity of the atmoſphere. 
This curious fact was accidentally diſcovered 
by Dr. Pricley; but he doth not attempt to 
explain it. A late ingenious writer ſcems 


that the blue colour of argil depends on a metallic mat · 
ter, of which he, at pleaſure, can deptive it; and by 2 
farther analyſis, that this matter derives its colour trom 
the phſogiſton which it contains. He knows, in ſhort, 
that he can add colour to fome bodies, change it in o- 
thers, and ſeparate it from all. Nor is it contrary to 
the Newtonian doctrine, as many have erroneouſly ſup- 
poſed, to maintain that colour depends on à particular 
matter; it is only riſing a ſtep higher in the infinite lad- 
der, and ſhowing that the diſpoſition of bodies to reſſect 
Particular rays of light, depends on a PR being, 
ny no occult aa of matter, 


inclined 


* 
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inclined to aſcribe a conſiderable ſhare of this 
grand and important effect to evaporation, 
whoſe operation is ſo extenſive on the ſurface 
of our globe, that it nat only obtains in hot 
and temperate climates, and on the fluid 
ocean, but alſo in thoſe frozen regions of the 

earth, where few vegetables appear, and bil- 
Jows never roll. But the melioration of 
tainted air by vegetation admits, in my opi- 
nion, of a more ſatisfactory explanation on 


the following principles *. It is well known 


that plants thrive, in a moſt ſurpriſiug man- 
ner, not only in air tainted by the putrefac- 
tion of animal and vegetable ſubſtances, but 
likewiſe ia air vitiated by reſpiration, and 
phlogiſticated by flame. Now, as on maſt 
of thaſe occaſions the noxious air is reſtored 
to a reſpirable ſtate, by being robbed of the 
phlogiſton, with which it was loaded, it is 
obvious that this effect is produced by the 
plants: and hence, that ethereal fluid may with 
ſufficient accuracy be ſtyled the chief ali- 
ment, if not the very ſoul and life of vege- 
tables, and is unqueſtionably the identical 
matter, which they imbibe from the light of 
the fun. This is perfectly conſonant with Dr. 


* Treatiſe op permanent elaſtic Fluids, | 
Gg 2 Franklin's 
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Frankiin's opinion, who, as was formerly 
obſerved, thinks ** that the fluid fire, as well as 
« the fluid air, is attracted by plants in their 
et growth, and becomes conſolidated with 
'« the other materials of which they are 
« formed, and makes a great part of their 
tc ſubſtance *. Sir Iſaac Newton too ſeems 
to have apprehended the ſame thing, 
« Are not (ſays he) groſs bodies and light 
* convertible into one another? The change 
& of bodies into light and light into bodies is 
tt very conformable to the courſe of nature, 
* which ſeems delighted with cranlmuta 
« tions 4. 
| The effects of fixed air with reſpect t to Ven 
getation, and the preſervation of plants ſeem 
not yet ſufficiently aſcertained. . The ex- 
periments inſtituted by Dr. Prieſtley and 
Dr. Percival, with a view ta determine that 
point, are too contradictory in their reſults to 
admit of certain concluſions being deduced 
from them. But, @ priori, I am inclined 
to believe that fixed air can have very little 
effect in promoting vegetation. If the phlo- 
giſtic fluid be really the chief pabulum of 
vegetable life; a thing, which I preſume has 


been 


— 


— 
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been ſufficiently evinced, it is manifeſt that, 
as fixed air contains only a very ſmall portion 
of that principle, it will afford little or no 
nutriment to growing plants. It is even rea- 
ſonable to ſuppoſe that this ſpecies of air, 
from the nature of the ſubſtances of which it 
is, on many occaſions, produced, may be ra- 
ther detrimental than be to IS 
life. 

duch are the obſervations. and conjectures, 
which occurred to me on the nature and e- 
nergies of light; and I am perſuaded that 
whoever ſhall weigh, with impartiality and 
attention, the foregoing facts and phenomena, 
will acknowledge the preſence of phlogiſton 
in the ſolar beams; and ſince it has never 
been ſhewn that they are fraught with any 
other matter, it may not only be inferred that 
light is the principle of inflammability under 
a particular form of action, but likewiſe that 
the heat of the ſun is entirely owing to that 
fluid: and this leads me to the laſt and moſt 


material point, about which the mechanical 


and chymical philoſophers have never been 
able to agree. The reſpective opinions of 
theſe two ſets on the ſubject of heat have 
been already explained at ſome length. The 
— magtain that heat conſiſts in motion 
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alone; the latter, that it depends on an «le. 
mentary principle of fire. No two docttics 
can to appearance be more diſſonant from one 
anather; and yet I do not deſpair, ot ſhew.ng 
that they are at bottom very neatly the ſame, 
How paradox cal ſucver this paſition may at 
firſt fight appear, a little attention, and nears 
er view of the conteſted point will, 1 truſt, 
render it extremely probable. 

Sir Jaac Newton, the illuſtrious leader of 
the. mechanic ſyſtem, was nat only obliged 
ta call in the aid of an ætherial inedium to 
explain his doctrines of light and gravitation, 
but had likewiſe recourſe to the ſame iubtile 
and elaſtic fluid, to account for the phæno- 
mena of fire and heat: And accordingly the 
reaſon:he aſſigns why ſulphureous bodies take 
bre more readily, and burn more vehemently, 
than other bodics, is, that © they are acted 
2 on. by the ætherial medium, by which 
<. bgbt is refracted and reflected, and by the 
vibrations of which light communicates 
„heat to bodies. And do not, the vibrations 
<. of this medium in hat bodies cantribute ta 
E, the intenſeneſs and duration af their heat ?. 
4 And da not hot bodies communicate their 
* heat to contiguous: cold ones, by the vibra - 
S tions af this — propagated from 


« them 


— 


« them into the cold ones? And is not this 
% medium exceedingly more rare and ſubtle 
« than air, and exceedingly more elaſtjs and 
te active? and docs i it nat n * 
« hodies 7 

It is therefore 4 — true, that Sir 
Jſaac Newton accounted the ætherial medium 
ucceſſary to the production, duration, and 
propagation of heat; and ſince it appears 
trom numberleſs facts and phenomena, that 
his æther is the ſame principle as the phlogi- 
ſton of the chymiits, it by conſequence follows, 
that the tenets. of the chymical and mecha- 
nical philoſophers, on the ſubject of heat, 
are by no means ſo widely different, as they 
have been generally imagined. To be wars 
tanted to draw this concluſion, has been the 
chief aim of all that has been advanced re- 
ſpecting thoſe two opinions: How far I have 
ſucceeded in my attempt to reconcile them, 
the learned and philolophic' will determine. 
In the mean time, 1 cannot help regretting 
with every lover of ſcience, that men of real 
genius ſhould waſte ſo much of that time and 
erudition which might be ſucceſsfully em- 
ployed in the proſecution of uſeful knows 


| Optics, quer. 18. . 
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ledge; in diſputes, which at laſt are found to 
have turned merely upon words. This, it is 
hoped, will now appear to have dee the caſe 
n the preſent inſtance. - 

It might reaſonably have beth expotics 
that in a queſtion, which has been canvaſſed 
and diſputed with great eagerneſs ſince the 
firſt dawn of ſcience and philoſophy, the diſ- 
putants ſhould long ere now have been able 
to paſs from words to the true and real ſub- 
ject of the controverſy ; but unfortunately, 
after ſo long a ſeries of years, we ſtill find 
them on the very ſpot on which they firſt 
ſtood. . Had they ever underſtood each other, 
the queſtion, in all probability, would not 
have remained till now undecided. The me- 
chanical philoſophers would have perceived 
that the difference between their zther and 
the phlogiſton of the chymiſts is merely 
nominal; and the chymiſts would have ac- 
knowledged that motion is abſolutely neceſſa- 
ry to the production of fire. For it is only 
when the phlogiſtic fluid is actually in motion 
that the phænomena of light and heat take 
place; and whether this motion, the nature 
of which cannot be aſcertained by experi- 
ment, be termed vibratory, or not, is a cir- 


cumſtance of no importance to the queſtion. 
. 5 It 
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It is like wiſe equally immaterial, whether the 
fluid in motion be denominated zther, or 
phlogiſton, provided. we underſtand each o- 
ther. 

The following curſory obſervations. on the 
various Ways in which heat may be excited, 
will, I truſt, throw ſome farther light on the 
doctrine; I wiſh to eſtabliſh, . It is difficult 
to give a conciſe and accurate definition of 
heat, owing to the ambiguity of the word. 
By ſome it is defined one of the ſecondary 
qualities of bodies produced by fire and op- 
poſed to cold. According to S. Graveſande *, 
and others, heat in the hot body is an agita- 
tion of the parts of the body made by means 
of the fire contained in it, in conſequence of 
which, a motion is produced in our bodies, 
which excites the idea of heat in our mind. 
Heat, then, as well as light, gravitation, and 
attraction, is promiſcuouſly uſed both for 
cauſe. and effect; and for this reaſon, I have 
generally meant by heat not merely the per- 
ception, but that particular ſtate of fire in 


bodies, in conſequence of which, certain 
ſubtle particles are emitted, Which, if they 
* to fall on the. ſentient extremities of 


. luſtit. Phil Natur, | | 
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our nerves, excite in our minds the idea of 
heat; if on brute inanimate matter, they di. 

late, expand, diſſolve, or divide it. 
The firſt and moſt remarkable ſource. of 
heat upon the ſurface of the terraqueous globe 
is the ſun. Did he refuſe to ſhed his benign 
influence around, the beauteous face of na- 
ture would be at once deſtroyed, gll order 
would be ſubverted, animals and vegetables 
muſt inſtantly periſh, the rolling ocean would 
become a maſs of ice, and the ſuperincum- 
bent atmoſphere, a denſe and ſolid body. 
That theſe effects would be the immediate 
conſequenee of the abſence of the ſolar heat 
is not to be queſt ioned. But on what doth 
this heat depend ? Is it on the rapid motion 
of the rays of light alone, or on the action 
of the matter of which they are compoled? 
Theſe queſtions, on the principles we have 

laid down, are eaſily reſolved, —_ 
Heat, we have ſeen, in: no one eee 
depends on motion alone. To account far 
its production, the mechanical philoſophers 
have recurred to an etherial medium, the 
chymical to a phlogiſtic fluid ; and as both 
"theſe fluids coincide in every eſſect, and phe- 
nomenon, aſcribed to them by their reſpec- 
tive en we are indueed to believe that 
the 
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the diffefence between them is metely verbal. 
Farther, ſince the degree of heat communi- 
cated to bodies is in proportion to the quan- 
tity of light falling upon them, and that 
every ray projected from the orbit of the ſun 
is fraught with phlogiſton, and with no other 
matter whatever; are there not ſufficient 
grounds to infer that the folar heat doth really 
and folely depend upon the action of that 
principle ? This opinion will be farther con- 
firmed and illuſtrated by exploring the diffe- 
rent modes, in which artificial heat may be 
generated, On a ſaperficial view of nature, 
there would feem a thouſand various ways of 
exciting heat 5 but on a nearer ſcrutiny, we 
thall find that they are not only all reducible 
to a few general heads, but likewiſe that they 
all, without exception, depend on one indi- 
vidual circumſtance, vis. the evolution of 
extrication of the principle of inflammability 
from the compounds into which it enters as a 
conſtifueht, There are properly two ways 
only, in which this can be effected. The 
firſt is by the introduction of fire ab extra; 
the ſecond by the inteſtine motion of the 
parts of mixts ſuperinduced by the concur- 
Fence of internal as well as external cauſes, 

| Hh2 Imo. When 
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. 1-10, When we apply an ignited- bar of 
iron to any dry combuſtible body, ſuch as 
wood, we immediately ſet it a-flame, This, 
which is given as an inſtance of the firſt mode 
of producing fire, may be explained ini the 
following manner. The moment the dry 
wood comes within the ſphere of activity of 
the igneous particles emitted from the iron, 
it is pervaded by them with reſiſtleſs impe- 
tuoſity. The phlogiſton preſent in it is 
thrown into a violent commotion, the attrac- 
tion of coheſion is by conſequence dinuniſh- 
ed, and the principle of inflammability being 
at luſt diſentangled, flies oft in a pure and 
active ſtate, under the ſenſible phænomena 
of light and heat. Hence we conceive why 
certain bodies, ſuch as ſulphur, ſpirits, 
oils, pitch, Sc. were in the Ariſtotelian 
ſchool ſaid to be virtually, or potentially, 
hot. Theſe bodies indeed contain a large 
proportion of elementary fire, but contain it 
in ſo fixed and fettered a manner, that, un- 
leſs by ſome external cauſe it be excited into 
action, and extricated from the materials 
with which it is combined, no actual heat is 
generated. 

240. Heat, however, may in ſome bodies 


be excited without the immediate application 
of 
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but, though: in a conſtant canatus to motion, 
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of any conſiderable quantity of fire from 
without, vig. by fermentation and mixture, 
By fermentation; is meant an inteſtine mation; 
which, ariſing; ſpontaneouſly among the in- 
ſenſible parts ot a compound body, produces 
a new diſpoſition, and a different combina» 
tion of thoſe parts. By effer veſcenee we 
underſtand an inteſtine motion excited among 
the parts of two bodies of different vaturgg 
when they reciprocally: act. on each other, 
Of all natural bodies, vegetables are alone 
ſuſoeptible of the three different ſtages of 
fermentation; the vinous g agetous, and pu- 
trefactive. Animal ſubſtances are capable: on- 

Jy of the latter; and] foſſils of none. The 


chief phænomena in termenting liquors are a 
briſk! inteſtine. motion of their parts in all 
directions, accompanied With a muddineſs, 


a hiſſing noiſe, the exhalation of fixed or 


mephitick air, and a gentle heat. An in- 


veſtigation of the principles, on which; this 
laſt· mentioned circumſtance ought to be ex- 


plained, is the ſole aim of the n en- 
quiry. 


It bas been already abſerved, that there 
enters into; the com — — of all vegetables 
a large proportion ot inflammable matter; 


it 
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it is fettered in ſuch a manner by the other 
components of the maſs, that the concur- 
rence of ſeveral circumſtances is abſolutely 
requiſite to ſuperinduce that particular ftate, 
in which, without being actually inflamed, it 
excites heat. Fermentation is that particular 
Rate in plants, and ſeveral things are neceff · 
ry to its taking place. Theſe are, in all ſac- 
charine ſubſtances, plentiful dilution, and in 
the farinacious, malting, or a certain degree 
of vegetation; and in both, 4 temperate 
heat, either natural, or artificial. By dilu- 
tion, the attraction of coheſion among the 
is diminiſhed ; for as water and earth 
powerfally attract each other, the affinity of 
the latter to the phlogiſton will be propor- 
tionably weakened; and as the external heat 


| by expanding and ſeparating the air with 
which vegetables abound, ſtrongly promotes 


the internal agitation and decompotition of 


the mixt, the/inflammable matter is gradual 
ly extricated and reduced to an active ſtate, 


and on this, as on all ſimilar occaſions, ex. 
cites a ſenſible degree of heat. This account 
of the matter is ſupported by numberleſs 
facts and phænomena. The heat generated 
during the fermentation is always proporti- 
onate to * procebs 

is 


2 
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js carried on. The heat generated in a 'mafs 
of green hay ſometimes ariſes to actual in- 
flammation ; But in a diſtiller's vat, when 
the proceſs is properly conducted, the heat of 
the fermenting liquors is wy nearly that of 
the human body ®, 

The decompoſition of vegetable ſubſtances 
by fermentation, is attended with ſo great an 
exhalation of their volatile parts, that at laft 
ſcarce any thing remains but a light ſpungy 
maſs of earth. During the putrefactive ſtage 
vapours ariſe, which are extremely offenſive. 
Theſe have been aſcribed ſolely to the vola- 
tile alkali produced by the ultimate reſolu- 
tion of animal and vegetable bodies; but 
beſides it, there ſeems to be another matter, 
to which the ſmell ought partly to be attri- 
buted. I mean the principle of inflammabi- 
lity combined with ſome other matter. We 
are led to this opinion from a variety of cir- 
cumſtances. If the vapour ariſing from pu- 
trefying animal or vegetable ſubſtances be 
brought into contact with the calces of ſome 
metals, it tinges them in the ſame manner as 
if they had been expoſed to the fumes of 


burning ſulphur, or any other obvious proceſs 


* Franklin's Letters: 
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of phlogiſtication ; and it would, I doubt 
not, if properly applied and long continued, 
reſtore the calces of fachi metals, as are eaſi- 
ly reduced, to their ductile ſtate. Another 
phenomenon, which indicates the preſence 
of the phlogiſtic fluid in the vapours emitted 
from putrefying bodies, is their readineſs to 
be ſet on fire. The ſubtle exhalations, which 
ariſe from the cotton wood in a putrid ſtate, 
not only appear luminous in the dark, but, 
when collected, are found to be no leſs in- 
flammable than the fumes of diſſolving me- 
tals . There is upon the whole a ſtriking 
analogy between the reſolution; of animal 
and vegetable ſubſtances by fermentation, and 
the ſpontaneous decompoſition of native py- 
rites, or a mixture of ſulphur, iron, and wa- 
ter. In both caſes, the decompoſition is ac- W pi 
companied by a ſtrong inteſtine motion of de 
the parts, by the emiſſion of inflammable 
vapours, by actual heat, and new combina- IM he. 
tious of the original conſtituent principles. 
From the curſory view which has been ta- 
ken of fermentation, and the circumſtances 
attending it, we can hardly doubt that the 
heat produced on the occaſion is the cou- 
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ſequential effect of the actual extrication of 
phlogiſton from the materials with which it is 
combined. In the firſt place, we have ſeen 
that no body whatever is ſuſceptible of fer- 
mentation, that doth not contain a certain 
quantity of the principle of inflammability. 
In the vinous ſtage, when properly conduc- 
ted, there is only a ſmall portion of phlogiſ- 
ton diſſipated. The degree of heat applied 
is too inconſiderable to ſet it entirely at liber- 
ty, and the cloud of fixed air that hangs over 
the fermenting liquor prevents its flight into 
the ſurrounding atmoſphere ; hence it is for- 
ced to become a conſtituent of the new mixt. 
And were proper means taken to obviate the 
ſtagnation of the fixed air over the vat, the 
contained fluid would become abſolutely va- 
pid, and, on diſtillation, 1 little or no ar- 
dent ſpirit. 

2dly, In the acetous 1 the degree of 
heat generated is more conſiderable, than in 
the vinous. Two remarkable circumſtances 
render it highly probable, that the ſuperior 
degree of heat attending this proceſs is owing 
to a more rapid evolution of the phlogiſton, 
and its more compleat ſeparation. The one 
ls, that the quantity of fixed air produced i is 


not ſufficient to obſtruct the diſſipation of 
"1 I i that 
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that principle ; the other, that all liquor, 
which have gone through this ſecond ſtage 
of fermentation, yield, when diſtilled, no 
inflammable inebriating ſpirit, 

During the laſt ſtage of fermentation, there 
obtains hardly any ſenſible degree of heat. This 
fact M. Beaume has taken much pains to al- 
certain without inveſtigating its cauſe *. The 
moſt probable conjecture ſeems to be, that 
the greateſt part of the inflammable principle 
is, in vegetables, diſſipated during the two 
preceding ſtages; and in animal ſubſtances, 
that the decompoſition goes on ſo flowly, 
and the phlogiſton flies off ſo clogged with 
the volatile alkali, that it properly never is in 
that free and active ſtate in which it excites hear, 

The Jaſt ſource of heat we ſhall mention 
is chymical mixture. In the whole hiftory 
of nature there is not a more remarkable 
phenomenon, than the production of high 
degrees. of heat, and even a bright and laſting 
flame, from the mixing of two cold liquors. 
We have a ſtriking inſtance of this in the 
combination of concentrated nitrous acid with 
diſtilled oils. The only principles on which 
this fact admits of a probable ſolution, are 
thoſe of corpuſcular attraction, 

| ® Mem, de Acad, des Sciences 

| Before 


A © © t' tw» woe pw, y Gs a K . A wa 


2 6-7; 


R- - AS 2 


is attended with Heat. 251 


Before the days of Sir aac Newton all the 
phznomena of nature were explained on me- 
chanical laws alone, The action of all chy- 
mical menſtrua was attributed ſolely to the 
different ſhapes and ſizes of their component 
particles, and the different motions, by which 
they were agitated. Some were ſuppoſed 
cuniform, ſome pyramidal, and others ob- 
tuſe and ſpherical ; But fince the Newtonzar 


ſyſtem was known, the idea of ſuch particles 


has been reprobated by every rational chymiſt. 
That great philoſopher having diſcovered that 
by gravitation the motion of the ſolar ſyſtem 
is effected, eſtabliſhed, and conſerved, was 
naturally led to believe all matter endued 
with a, ſimilar property; and therefore attri- 
buted the union. of aggregation, the action 
of capillary tubes, the adheſion of ſmooth 
ſurfaces, , magnetiſm, elearicity, chymical 
ſolution, and the efferveſcence of mixts, to a 
ſtrong attractive power mutually exerted be- 
tween the primigenial corpuſcles of matter. 
The heat generated by chymical menſtrua, 
he attributes to the friction of the integrants 
in conſequence of the impetuoſity with which 
they ruſh together. 

This theory was received by the unpreju= 


diced with pleaſure, as affording a a ſatisfactory 
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ſolution of many difficulties, with which for- 
mer hypotheſes were clogged. It is not how- 
ever unexceptionable in every particular, It 
s neither ſtrictly true with reſpect to the cauſe 
of efferveſcence, nor the production of heat, 
It is now well known that efferveſcence, and 
ebullition, are occafioned'by the air, or other 
elaſtic gas, which eſcape during the ſolution; 
and with reſpect to the heat produced on 
thoſe occaſions, it aſſuredly depends on ſome 
other cauſe than the mere attrition of the col- 
liding particles. Were heat owing ſolely to 
that circumſtance, none ſhould be excited, 
when, by the union of two fluid bodies a 
denſe compound is produced : of which, 
however, we have many notable inſtances in 
chymiſtry. The Newtonian doctrine, on this 
head, is the more exceptionable, that all the 
chymical mixtures accompanied with heat, 
accord in one very ſtriking and feemingly et- 
ſential circumſtance ; I mean in giving indu- 
bitable proofs of the preſence of the inflam- 
mable principle. I have taken ſome pains to 
collect all the inſtances in which heat is pro- 
duced by mixture, and do not find one, in 
which that phenomenon occurs without the 
above-mentioned circumſtance : Nay, I have 
generally —_ that thoſe ſubſtances, which 
| contain 
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contain the greateſt proportion of phlogiſton, 
produce, in fimilar circumſtances, the moſt 
heat in efferveſcing with acids. By reaſoning 
on theſe facts, we are enable d to account in 

a ſatisfactory manner for the accenſion of diſ- 


tilled oils by means of the concentrated ni- 


trous acic. 
It is notorious that of all chymical bodies, 


the nitrous acid manifeſts the ſtrongeſt attrac- 
tion for the phlogiſtic fluid. It is alſo known, 
that both the eſſential and empyreumatic oils 
contain a very large proportion of that prin- 
ciple, and contain it in a more or leſs ſepara- 
ble ſtate according to their degree of purity. 
We have, therefore, every reaſon to believe 
that the heat attending the combination of 
thoſe bodies is the immediate effect of the 
rapid extrication of phlogiſton from the oil, 
in conſequence of the ſuperior attraction which 
the nitrous acid hath for it. Did the heat 
excited originate ſolely from the colluctation 
and friction of the integrants, ſhould it not 
take place in the ſame degree, when thoſe 
oils, though leſs pure and dephlegmated are 
of the ſame conſiſtency? This however is by 
no means the caſe; for unleſs their watery 
and incombuſtible parts be carried off by diſ- 


tillation, and the principle of inflammability 
left 
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left in a looſe concentrated ſtate, the ſtrong- 
eſt nitrous acid doth not produce actual flame. 
Upon the whole, we are led to conclude 
that as often as heat is the effect of mixture, 
there is uniformly a manifeſt extrication of 
phlogiſton; and that the degree of heat pro- 
duced is generally in the compound ratio of 
the quantity of that principle, in a ſeparable 
ſtate, and the power of attraction, which 
the body ſeparating it has for it. 


(835-3 


CHAP. v. 


The Heat generated by the Evolution 
of Phlogiſton from the Blood, is 
Sufficient to account for the Tempe- 
rature of living Animals. 


AVING, in the preceding chapter, 

not only ſhown from various natural 
phenomena, and chymical facts, that heat is 
never generated where phlogiſton is not pre- 
ſent; but likewiſe, that the extrication of 
that principle from the ſubſtances with which 
it is combined, 1s generally attended with a 
degree of heat proportionate to the quantity 
extricated, it may reaſonably, T preſume, be 
inferred, that the developement of the 
phlogiſtic fluid, which takes place in the 
living ſyſtem, muſt have ſome ſhare in ge- 
nerating the heat of animals: and if it be 
admitted that it produces this effect in any 
degree, we may venture a ſtep farther, and 
ſuppoſe it the ſole cauſe of animal heat, 
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This propoſition cannot be demonſtrated, but 
will be found conformable to Sir Jaac Neu- 
fon's method of induction. 


Convinced that nature is ſimple, and de- 
lights not in ſuperfluous cauſes of things, Sir 


Jaac laid it down as a fundamental rule in 
philoſophizing, that of natural effects of 2 


ſimilar kind, the ſame cauſes are to be aſſign- 


ed; as of light and heat in the fire, and in 
the ſun: And although the arguing from ex- 
periments and obſervations by induction, be 
no demonſtration of general concluſions, yet 


it is the beſt way of arguing, which the na- 


ture of things admits, and is valid according 
to its - generality; and when no diverſity is 
found in the phenomena, the concluſion 
muſt ſeem, even to the moſt ſceptical mind, 
in a high degree probable. Now to require 
demonſtration in the preſent queſtion, which 
relates only to facts, would be abſurd ; for 
arguments, which are either demonſtrative, 
or dialectical, have each their peculiar ob- 
jet. The demonſtrative make us acquainted 
with the relations of ideas, and are indepen- 
dant on exiſtence: The dialeQical are em- 


ployed wholly on facts, and beget belief or 


opinion. Experience, therefore, and analo- 
gy, are the ſource of the latter, and in the 
inveſti- 


if the Cauſe of Animal Heat. 257 
inveſtigation of nature are our only guides: : 
and hence, the truth of theories, on natural 
ſubjects, ariſes from the unifortnity of Expe- 


rience and analogy. has 
As we advance in the ſtudy of nature, we 


daily find more reaſon to be convinced of her 


conſtancy in all her operations; that like 
cauſes in like circumſtances always produce 
like effects; and inverſely, like effects always 
flow- from like cauſes. The inconſtancy, 
which appears at firſt ' in ſome of nature's 
energies, 4 more improved experience teach- 
eth us to explain, The more, then, we be- 
come acquainted with elementary principles, 

the mote we are convinced by a general experi- 
ence of the uniformity of their operations. 
Since therefore it has been evinced from in- 
numerable concurring facts, that the preſence 
of the phlogiſtic fluid is abſolutely neceſſary 
t the production of heat, and alſo that the 
developement of this elementary principle 
from bodies, excites a degree of heat propor- 
tioned to the quantity extricated in a given 
time, we are induced to conclude from our 
general experience of the efficient, a like 
conſtancy in all its energies, and by conſe- 
quence that the evolution of phlogitton, 

which takes place in the living ſyſtem is at- 
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tended with heat. This concluſion is not 


founded on a few inſtances, It is ſupported 
by an uniform experience of the regularity 


of this element, in all its operations: and by 


Experience, as has been already remarked, we 
chiefly obtain a knowledge of the truths con- 
tained in every n. of natural ſci- 
ence. 

We have ſeen from numberleſs phenome- 
na and experiments, that, by whatever means 
phlogiſton is rapidly, and in any quantity, 
extricated from the bodies of which it is a 
conſtituent, heat is uniformly produced, It 
even appears from Dr. Franklin's thermome- 
trical obſervations, that the evolution of that 
principle during the vinous ſtage of fermen- 
tation, when properly conducted, is accom- 
panied with a degree of heat very nearly the 
ſame with that of the human body *. The 
ſimilitude here is by no. means remote. The 
animal proceſs and fermentation are ſo much 
a-kin, that they ſeem to differ in Nothing but 
the ſubje& : For fermentation, in the moſt 
extenſive acceptation of the word, ſignifies 
both the ſmalleſt and the greateſt degree of 
inteſtine motion of the particles of a. fluid 
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abounding with elaſtick and inflammable 
matter, from which new combinations are 
formed, 

In this ſenſe, the animal juices muſt at all 
times be in ſome degree of ferment ; for they 
not only contain a large proportion of the in- 
flammable principle, but a new diſpoſition of 
their particles is conſtantly taking place. Of 
this, the great and ſudden changes, produced 
upon the vital ſtream, give ſufficient evidence. 


It has been already ſhewn in how ſhort a 


time the chyle is converted from a white, 
bland, infipid fluid, which it is when taken 
up by the lacteals, into one of a deep red co- 
lour, It was like wiſe evinced by incontrover- 
tible experiments, that the difference between 
the arterial and venous blood, as well as their 
quick tranfition into each other, depends 
ſolely on the more or lefs evolved ſtate of 
their phlogiſton ; and the almoſt incredible 
quantity of that principle thrown off from 


the ſurface of the body, under the form of 


perſpiration, arid carried off from the lungs 
by means of the atmoſpherical air, leave no 
room to doubt of its uninterrupted extrica- - 
tion from the maſs of blood, during the pro- 
greſſive change, which that fluid is conſtant- 
ly undergoing i in the living ſyſtem, In ſhort, 
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when we attentively reflect on all theſe Cir 


cumſtances, and recollect that animal heat, is 


by no means high, we can, I apprehend, 


have little doubt that the cauſe aſſigned is a- 


| dequate to the effect, and ſufficicat to account 


for the whole phænomena. 


This general concluſion will, 1 fatter, my- 
ſelf, be admitted by every phyſiologiſt, Who 
ſhall attentively and im partially weigh the 
evidence on which it is founded: At the 
ſame time it is not to be expected that, in 


the rigorous ſcrutiny to which every, new 
theory mult ſubmit, even all its radical prin- 
ciples ſhould at firſt appear incontrovertible. 
To obviate, therefore, as far as the nature, of; 
things will admit, the difficulties, which the, 
ingenuity of ſome, and the, miſapprehenſions 
of others, may ſuggeſt, I ſhall, ſubjoin ſome 
ſhort illuſtrations of ſuch points, as have not 
been ſufficiently . in the courle, of. 
this treatiſe, _. 

The evolution and | rharation if phlogiſton 
are words which Ehave; often uſed, but never 
yet defined. By the evolution of phlogiſton, 
I bave all along meant the actual extrication 
of that principle from thoſe compounds, into 
which it enters as, a conſtituent part, whether 
that takes place i in conſequence of friction, of 
| elective 
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elective attraction, the introduction of ad- 
ventitious particles of fire, or be effected in a 
more gradual. and imperceptible manner, in 
conſequence of a ſpecihc inteſtine motion 
ſuperinduced among the conſtituents of a 
compound body ; as in the caſe of fermenta- 
tion and the animal proceſss. 
By the Separation of phlogiſton, 1 havsi 
underſtood, either its diſſipation after being 
diſengaged from the compounds, of which it 
formed a component part, or its eſcape from 
bodies unattended with their decompoſition ; 
as in the caſe of. ſome precious ſtones, and 
other phoſphori, which imbibe it from the 
light of the ſun, and part with it again in 
the dark, of in any other medium capable of 
attracting it from them. Such is the mear- 
ing I have annexed to the words, evolution 
and ſeparation of phlogiſton; and if it do 
not altogether tally with the common notion 
of philoſophers, it is to be remembered, that 
as terms are no more than arbitrary figns for 
things, every writer may uſe them in what 
lenſe he chooſes, provide that he m_— 
himſelf, | 70 
Another point, which aiquiris ſore A 
cidation, is this: On, what other than me- 
chanical principles can the action of the vaſ- 
cular 
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cular ſyſtem” contribute to the generation of 
animal heat? It is well known to chymiſts, 
that no body, whether ſolid or fluid, the 
. conſtituent parts of which maintain a perma- 
nent relative connection with one another, is 
capable either of producing or retaining heat. 
To the generation and ſupport of an equa- 
ble degree of heat, it is not only neceffary, 


tat the ſubject matter be of a heterogeneous 


and mutable nature, but that it be conſtantly 
nmdetgoing an actual change, and inceflantly 
ſupplied with freſh materials capable of un- 
dergoing the fame mutations. It is 'on this 
account, that the moſt celebrated phyſiolo- 
giſts, of every age, have conſidered the blood 
as the grand elaboratory of animal heat. It 
is a fluid poſſeſſed of every characteriſtick, 
which chymiſts have found neceſſary to the 
producing of a uniform degree of heat. It 


is a mixt, conſiſting of at leaſt three different 


craſes blended together. It is ever in a pro- 
greſſive motion, undergoing conſiderable 
changes, and it is conſtantly ſupplied with 
freſh materials naturally fitted for the' ſame 
proceſs, The blood is therefore the ſource 
of the heat of animals; and we have endea- 
voured to prove that the immediate circum- 
ſtance, on which that phenomenon depends, 

Is 
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is the developement of the. phlogiſton which 
it contain. Hence, though we have repro- 
bated the notion of heat being excited in 
conſequence of the mere mechanical action 
of the veſſels on the vital ſtream, yet com- 
mon ſenſe and analogy lead us to believe, that 


it powerfully promotes that ſpecific inteſtine 


motion of the conſtituents, on which, the 
tranſition of the phlogiſton from a fixed, to 
a free and active ſtate immediately depends. 
That ſimple agitation. is, on ſome occaſi- 
ons, ſufficient to bring phlogiſton into an ac- 
tive ſtate, appears from Mr; Boy/e's luminous 
liquor, This conſiſts of a ſmall quantity of 
common phoſphorus diſſolved in ſpirits of 
wine, and plentifully diluted with water, 
Whilſt this compound is allowed to remain 
undiſturbed, it is as little luminous as water; 
but ſcareely hath it been ſbaken for a few 
moments, when it begins to emit copious 
ſtreams of light. If then the ſimple con- 
quaſſation of a heterogeneous fluid be ſuffici- 
ent to extricate its-phlogiſtoh, is it not highly 
probable, that the ſtrong and unremitting ac- 
tion of the vaſcular ſyſtem on the maſs of 
blood, ſhould he a powerful ſecondary cauſe 
in promoting the evolution of RIO AE 
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Whether is it during the actual evolution 
of the phlogiſtic fluid, or after its. ſepa ration, 
that heat is produced? That queſtion, which 
naturally ariſes from the preceding obſerva- 


tions, is perhaps of leſs importance than ſome 


may imagine. The ſubtile nature of that 
active element doth not admit of any deciſive 


experiments; but if we be allowed to reaſon 


from the phænomena attending its decompo- 
fition from bodies, heat is excited the inſtant 
that it begins to be extricated, and prior to 
any certain indications of its ſeparation and 


diſſipation. In the / vinous ſtage of fermen- 


tation, there is always a very ſenſible degree 
of heat ſome time ere any inflammable gas 
can be collected. But though this and ſeve- 
ral other chymical facts evince'the-generation 
of heat during the actual evolution of the 
phlogiſtic fluid from the compounds, of which 
it forms a part, yet, as it unqueſtionably is 
the pure and ſimple element of fire, it is 
highly probable” that it produces heat from 
the moment it is brought into an active ſtate, 
till it paſs into another mixt, or be entirely 


| diſperſed and diſſipated. For my purpoſe, it 


is enough that its tranſition from a fettered, 
to a free ſtate, is accompanied with the ſen 
ſation of heat, 
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It may with ſome ſhow of probability; be 
objected to my theory in general, that there 
are inſtances both of the evolution and ſepa- 
ration of phlogiſton, in which the thermo- 
meter is not ſenſibly affected x. The ruſt- 
ing of metals, and the putrefaction of vegeta- 
ble and animal ſubſtances have been inſtan- 
ced in ſupport of this. But though theſe be 
truly phlogiſtic proceſſes, in the firſt inſtance 
the principle of inflammability is extricated 
much too ſlowly to have any ſenſible effect; 
and in the ſecond, beſides that circumſtance, 
the activity of the phlogiſton is always dimi- 
niſhed by the volatile alkali, and ne; "WR 
ters, that fly off with it. 

When. the ſeparation of phlogiſton takes 1 
place without decompoſition; heat is rarely 
produced. We have ſeen that the Bononian 
ſtone imbibes the ſolar light, and yields the 
fame coloured rays in the dark. Gems, and 
moſt kinds of precious ſtones, poſſeſs the 
lame \ property.” Dy rubbing. a black piece * 


0 N. B. Chymiftry furniſhes us with numberief | 
inſtances of acids and alkzlis meeting without any ſen- 
dle efferveſcence ; and yet chymiſts account efterve(- 
cence as univerſal an effect of ſuch mixtures, as I have 
ſuppoſed the generation of heat, in conſequence of the 
&relopement of phlogiſton. | 

l cloth 
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cloth, which has been hung in the fun to 
dry, we produce innumerous ſcintillations or 
lucid ſparks. In all thoſe inſtances there is 
an obvious ſeparation .of phlogiſton without 
heat; but in none of them is it accompanied 
with any inteſtine motion, change of mix- 
ture, or decompoſition, Beſides all "theſe 
; phoſphori have their light ſo weak as to ſhine 
only in the dark; a proof that the quantity of 
phlogiſton eſcaping from them is extremely 
ſmall. The caſe is different with thoſe phoſ- 
phori, whoſe light depends. on their decom- 
poſition, All theſe have! unqueſtionably the 
eſſential property of fire. They uſually, 
indeed, put on the appearance of innocent 
lambent flames, bet are eaſily ſuſceptible of 
a burning quality. Thus common phoſpho- 
tus is immediately kindled into a moſt atdent 
and unextinguiſhable flame by common fire, 
Nay, the evolution of its phlogiſton may be 
ſo much accelerated without the introduction 
of adventitious ignifick particles, as to produce 
heat, and burn: Thus a piece of blue paper, 
on which we have written with it, will, if 
ſufficiently rubbed, kindle into an ardent 
flame, and be immediately conſumed: An 
irrefragable proof that the ſole reaſon why 


the evolution of phlogiſton from Phoſſ phorie 
bodies 
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bodies doth not produce heat, is becauſe it is 


effected in too flow and gradual a manner. 
Chymiſtry furniſhes us with a ſufficient num- 
ber of facts to infer that the degree of heat 
generated i is always, cœteris paribus, in pro- 
portion to the more or leſs rapid extrication 
of the inflammable principle, In actual in- 
flammation, the extrication goes on fo ex- 
tremely quickly, that the body is ſoon con- 
ſumed, and all the phlogiſton dillpated. The 
empyreumatic | oils, when not dephlegmated, 

on being combined with the ſtrong nitrous 
acid, produce an intenſe degree of heat, with- 
out being fired: and in the ſolution of metal- 


lie ſubſtances by the mineral acids, the heat 
is always proportionable to the ſtate and quan- 


tity of phlogiſton in the former, and the 
power of. attraction in the latter. In ſhort, 
from the heat, which accompanies actual in- 
fammation, to that produced by fermenta- 
tion, we ſhall find every intermediate degree 
depending on the different degrees of cele- 
ity, with which the Phlogifon is extri- 
cated. 

I am ſenſible that many. important queſ- 
tions ſtill remain to be aſcertained, on the 
lubje&t of this treatiſe ; but as my intention 
Vas rather to excite than ſatisfy the > 
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of phyſiologiſts, I ſhall conclude this chapter 
with recommending, to their particular atten- 
tion, that ſingular fluid, on which animal 
heat hath been ſaid to depend, and which, I 
doubt not, will be found to conſtitute a much 
more material partin theliving ſyſtem thanthey 
in general ſeem- aware of, From what has 
been ſaid on the nature and energies of phlo- 
giſton, it may, J preſume, be juſtly inferred, 
that it is nothing elſe than the pure ethereal 
and fimple element of fire, inherent” in all 
natural bodies, intimately connected or blend- 
ed with an acid, earthy-or other baſe ; and 
apparently, though' perhaps not really, re- 
maining therein in a quieſcent ſtate, till ex- 
cited into action by friction, attraction, ad- 
ventitious heat, or other ſimilar means. Chy- 
miſts have not been able to procure it in a 
ſeparate form. They can only diſengage it 
from bodies by combuſtion, and then it al- 
ways reſumes the ſtate of pure and ative fire, 
which is well known to be incoercible; or 

ſeparate it by means of elective attraction, in 
which caſe it is not indeed reduced to actual 
fire, but, as the inſtant it quits one body, it 
becomes a conſtituent of another, we have 
no acceſs to form an idea of it in a pure 
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giſton in any other tate,” than that of free 
and active fire is a convincing proof, that it 
is really the pure element of fire . We 
have numberleſs inſtances in chymiſtry of the 
moſt active bodies being deprived of their 
activity, by the union which they contract 
with the other conſtituents of mixts. Do 


not the mineral acids, the moſt active bodies 


in nature after phlogiſton, conſtitute the 
mildeſt compounds? Is not ſulphur, the vi- 
triolic acid combined with inflammable mat- 
ter? And nitre, the nitrous acid ſaturated 
with fixed vegetable alkali? We can there- 
fore have no difficulty in conceiving that the 
phlogiſtic fluid, though the principle of fire, 
ſhould be united in ſuch a manner with unin- 
flammable bodies, as to conſtitute compounds, 
that are neither hot, nor luminous, but ca- 
pable of producing both light and heat, more 
or leſs eaſily and copiouſly, according to the 
more or leſs fettered ſtate of the phlogiſ- 
ton, and the quantity in which they contain 
it, In ſhort, there are ſo many phenomena, 
ſo many facts and obſervations, which concur 
in evincing phlogiſton to be on all occa- 

ſions the proximate cauſe of heat, that the 
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only remaining way of evading this conclu- 
ſion, ſeems to be to adopt at once the ſenti- 
ments of a late writer, who abſolutely de- 
nies the exiſtence of ſuch a principle in na- 
ture . That author will not, I think, be 
moleſted in his opinion; its abſurdity will 
ever be a ſufficient intrenchment to it. It is 
even with me a matter of doubt, whether 
the refutation of ſuch a doctrine would not 
be a greater inſult on the judgment of the 
learned, than the advancing of it. It is to 
be regretted, that an ambition for ſingularity 
ſhould lead men to waſte their time and ta- 
lents in endeavouring to miſlead others. 
All nature bears teſtimony not only to the 
exiſtence of the phlogiſtic fluid, but like wiſe 
to its inceſſant active energy. It appears, 
from innumerable phænomena, to pervade all 
nature, and by its various modifications to 


conſtitute the peculiar diſtinguiſhiug proper- 


ties of bodies. The ſolar beams are fraught 
with phlogiſton. Light and fire conſiſt in 
it; and whatever influence they have in ge- 
nerating and ſupporting animal and vegetable 
life, is ſolely to be aſcribed to it. It is to 
the ſame ethereal fluid, that metals owe their 


* Journal de M. Rozier, 1776. 
| ſplen- 
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ſplendour, duetllity, and elaſticity; 1 magnets 


their polarity,” and all bodies their electricity. 
It abounds in vegetables; their clout, taſte 
and ſmell depend on it. In fermentation, 
efferveſcence, and putrefaction, it eſcapes 
under the form of a permanently elaſtic va- 
pour; in diſtillation, it is diſengaged and 
brought over in an ardent inebriating ſpi- 


utt, retaining its original properties in a purer 


baſe. But this ethereal fluid or ſubſtance of 
light, though preſent in all parts of the earth 
and firmament, remains latent and unobſer- 
ved, till ſome fortuitous occurrence, or exci- 


ting cauſe, bring it into action, and render it 


viſible in its effects. The Platonifts and Py- 
thagoreans maintained, that next to the infi- 


nite mind and great creative power, which 


preſides in the mundane fyſtem, the imme 
diate mechanical or inſtrumental cauſe, that 


moves and aCttates all its parts, is the pure : 
element of fire; in ſhort, that it is the ma- 


terial ſpirit or foul of the univerſe, and that 


as it actuates the macrocoſm, ſo it animates 


the microcoſm Such was the real doctrine 
of theſe ancient ſages: Nor did they widely 


err. When we look around us with a phi- 
loſuphic eye, and contemplate with ſedu- 
lous attention univerſal nature, we are con- 

vinced 
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- vinced that there is no effect great, marvel - 


lous, or terrible, but proceeds from fire. 
From a too contracted view, of the laws of 


nature, that diffuſed and active principle has 
been diſtinguiſhed by almoſt as many names 


as energies: but we have ſhewn that jt is the 
ſame powerful agent which we at one time 
contemplate 1 in the form of concentrated light 
tearing. W the denſeſt adamant, and at 
with "cliſtleſs deltruclon the lofty oak and 
towered Citadel. And, with reſpect to the 
microcoſm, it is highly probable that it is 
phlogiſton in its pure electric ſtate, that ac- 
tuates the vital frame, and is the immediate 


phyſical cauſe of motion, the ſource of ſenſa- 


tion, of irritability, . and ſympathy ; in a 
word, that it is what hath been generally 
denominated by phyſiologiſts the animal ſpi- 
rit, or nervous fluid. Is it not in favour of 
this opinion that paralytic limbs frequently 
recover ſenſe and motion by means of elec- 
tricity ? And doth not the connexion, which 


invariably ſubſiſts betwixt the degree of heat 


and the ſtate of the living principle in ani- 
mals, tend to ſhew that they both depend on 
the ſame cauſe, viz. the ſtate of phlogiſ- 


| ton ? The warmeſt animals are likewiſc 
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the moſt perfect, and thoſe animals, whoſe 
temperature hardly exceeds that of the ele- 
ment in which they live, ſeem almoſt deſti- 
tute of every function peculiar to animated 
bodies. In fine, if we refle& that nothing 
nouriſhes, but what contains phlogiſton in a 
ſtate readily ſeparable by the animal proceſs; 
and that this principle is, without interrup- 
tion, evolved and reduced to an active ſtate 
by the powers of circulation, we ſhall find 
every reaſon for believing that it is the chief 
pabulum of animal life, the grand principle 
of muſcular motion, and the only ſource of 
heat in living animals, 

Some may perhaps find it difficult to con- 
ceive how ſo many various phznomena, as 
are here attributed to the agency of phlogiſ- 
ton, ſhould depend on any fingle elemen- 
tary principle, I acknowledge the plauſibi- 
lity of the objection, but appeal to philoſo- 
phers in general, if it be not eaſier to con- 
ceive that one agent ſhould produce many 
effects, than that many agents ſhould, with- 
out confuſion, exert at the ſame time, and 
on the ſame body their reſpective powers, as 
of electricity, gravity, magnetiſm, elaſticity, 
volatility, Sc. Beſides, have we not innu- 
merable inſtances, in the hiſtory of nature, 
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of the ſame; agent producing various effects? 


Doth not fire excite heat, cauſe light, exten- 


ſion, elaſticity ? Doth not the electrick fluid 
produce the effects of attraction, ' repulſion, 


magnetiſm, light, heat, Sc.? Can we have 


more convincing proofs that a fluid, whoſe 
parts are actuated by different motions, may 
produce effects fo diflimilar, that we at firſt 
ſhould fuppoſe them to depend on cauſes eſ- 
ſentially different? We ought likewiſe to re- 
flect, that all the properties, which we per- 
ceive in the bodies around us, are more or 
leſs obviouſly related to each other. The 
knowledge, or the diſcovery of thoſe relati- 
ons, is almoſt the higheſt pitch to which the 
imbecillity of the human underſtanding per- 
mits us to attain, and the ſole object, by 
conſequence, to which our inquiries ought 
to be turned. Vague, and arbitrary hypo- 
theſes will never unveil to us the myſteries of 
nature. It is only by an attentive and careful 
inveſtigation of phænomena, by accurately 
collating them, by judiciouſly marking their 
points of ſimilitude and coincidence, by the 
art, in ſhort, of reducing many to one, 
which may be conſidered as the ſource, and 
principle of all, that we may reaſonably expect 
to advance in the ſcience of nature, It is thus 

we 
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we have corrected the chimerical notions of 
the ancients, reſpecting the nature of heat. 
They believed it to differ in different ſubjects, 


in kind, as well as in degree. They ſpoke 


magnificently of the celeſtial heat, and ſup- 
poled it very different from that produced on 
the terraqueous globe; but a due attention to 
phænomena has taught us, that all heat, whe- 
ther of an elementary, igneous, or animal 
kind, 1s of one and the ſame nature, 
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CHAP. VI. 


Te moſt. Ariking Pbænomena of Ani- 


mal Heat evince the Truth of the 
Theory propoſed. 


N the inveſtigation of difficult ſubjects 


the analytic method ought ever to pre- 
cede the ſynthetic; I mean, that we ſhould 
begin with the phænomena, or effects, and 
from them inveſtigate the powers, or cauſes, 
that operate in nature; and being once poſ- 
ſeſſed of theſe, we ſhould then deſcend in a 
contrary order, and from them, as eſtabliſhed 
principles, explain all the phanomena that 
are their conſequences, and prove our theory, 
Unleſs that truly genuine method of, philoſo- 
phizing be purſued, we can never be certain 
that we aſſume the principles, which really 
obtain in nature, and that our ſyſtem, after 
we have compoſed it with great labour, 1s 
not a mere dream and illuſion, Hitherto all 
our inquiries have been directed to the diſco- 
very of the cauſe, on which, the heat of 
animals 
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animals depends ; and now we ſhall endea- 
your to ſhew that the chief phanomena of 
animal heat readily admit of a ſolution on the 
principles I have been labouring to eſtabliſh, 
There 1s nothing to be concluded with re- 
ſpect to the probability of a phyſical hypo- 
theſis, before we know the number of phæ- 
nomena which it is deſigned -to explain, and 
have appreciated the accuracy of its explica- 
tions; for as the true cauſe is ſufficient to ex- 
plain all the phenomena, and to explain 
them alſo in all circumſtances, it is evident 
that the hypotheſis will approach to the true 
cauſe in proportion to the number it explains, 
and to the degree of ſucceſs with which it 
explains them. I therefore enter upon this, 
though not the leaſt difficult part of my ſub- 
jet, with alacrity, as I hope to ſhew that 
the theory propoſed will afford a ſatisfactory 
explanation of many phznomena inexplicable 
on former hypotheſes. I ſhould, however, 
far exceed the limits of my preſent deſign, 
were J to mention all the peculiarities of ani- 
mal heat, and on that account I ſhall content 
myſelf with treating, in a curſory manner, of 
its more remarkable attributes, 


SECT, 


2 
ty 
1 
* 


mn 7 „ 1 
4 2 az A” pr oe —— > A Ka 
— Bw, —Ʒ[—ñ — 1 hogs : a » — * 


—ü— — 
— 


— —— — 
Wen 


= — 2 k n — 
3 * La 
. ay: OI 1 OS . SS 
Rl ©= 2 
o — W — 2 


278 The Phenomena of Ani mal Heat 


. 


1 of Animal Heat with the 


State of Motion in the ee Sf 
Feb. 


Tur ſtate of heat, in living animals, ap- 


pears to be fo intimately connected with the 


condition of the vaſcular ſyſtem, that the 
greater part of phyſiologiſts have not heſita · 
ted to conſider the mutual attrition of the 
veſſels, and the circulating maſs of blood, as 
the ſale cauſe of the heat of animals. They 
were led into this opinion, by obſerving that 
an increaſe of heat always attends a briſk 
circulation, -and that a languid, or interrupt- 
ed circulation, is always accompanied with 4 
proportional diminution of it, But, without 
repeating the arguments, which I formerly 
brought to evince the impoſſibility of animal 


heat being generated in the coarſe mechani- 


cal way, in which they wiſh to explain it, 1 
ſhall only ſhow that every inſtance, that 
ſeems to countenance their hypotheſis, tends 
ſtill more obviouſly to illuſtrate and corrobo- 


rate mine. 


The 
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The two chief inſtances, on which they 
ground their hypothefis, are the cafes of vio- 
lent exerciſe, and a total ſtoppage of circula- 
tion. In the former, the increaſed velocity 


of the pulſe is no doubt attended with a pro- 


portional increaſe of heat; in the ſecond, the 
vital fluid no ſooner begins to ſtagnate in its 
canals, than a gangrene ſupervenes, and the 
heat of the part ſinks below the natural ſtan- 
dard. Both theſe phænomena, however, may 
be eaſily explained without having recourſe to 
the mechanical powers of friction and attri- 
tion. All, who are acquainted with the 
laws of the animal economy, know, that 
the motion of the blood depends immediate- 
ly upon the action of the containing veſſels; 
and many cogent arguments have been 
brought, to ſhew that the developement of 
its phlogiſton is in a great meaſure effectuat- 
ed by the action of the circulating powers: 
whence it evidently follows, that the more 
phlogiſton (ceteris paribus) there is evolved, 
the more heat will be generated. This 1s 
ſufficiently confirmed by the quantity of phlo- 
giſtie matter obſerved to fly off under the 
form of perſpiration in febrile diforders, and 
violent exerciſe. It is alſo conformable to 


this opinion, that a diminution of heat ſhould 
attend 
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attend an interrupted circulation; for ſince 

the evolution of the phlogiſtic fluid depends 
upon the action of the veſſels, whatever abo- 
liſhes this, muſt prevent that, and therefore 
no heat will be produced. 

Several medical writers of conſiderable 
fame relate caſes, in which a full and accele- 
rated pulſe was attended by a ſenſible degree 

of cold, and a languid one by an evident in- 
creaſe of heat. In all ſuch inſtances, how- 
ever, I am inclined to ſuſpect, that phyſici- 
ans have truſted more to the feelings of the 
patient, than to accurate thermometrical ob- 
ſervations; and the caſe of a man (whom 
De Haen mentions) who complained of the 
moſt intolerable cold, when a thermometer 
ſhewed the heat of his body to be eleven de- 
grees above the natural ſtandard, demonſtrates 
how very little we can depend upon our 
ſenſes #, I do not, however, mean to affirm 
that there are no exceptions to the general 
principles I have laid down; but I will ven- 
ture to ſay, that they are much more rare than 
phyſicians ſeem to imagine. This may ſafely 
be inferred from ſuch caſes having ſeldom, it 
ever, occurred ſince thermoſcopical obſerva- 


* Rat, Medendi, l. II. 
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tions became more general. We have indeed 
many inſtances, where no increaſe of heat 
attended a celerity of pulſe, but not a fingle 
well vouched inſtance, in which the heat of 
the body was increaſed without a quickened 
circulation, A mere ſenſation of heat is not 
meant, but a heat real and ſenſible to the 
thermometer ; nay, it would almoſt be ab- 
ſurd to ſuppole it, as the preternatural in- 
creaſe of heat, however excited, would ſoon 
become a /t1mulus to the veſſels, and accele- 
rate their action ; and therefore the motion of 
the blood, whether as a cauſe, or effect, is 
neceſſarily connected with the ſtate of heat in 
the animal. Celerity of pulſe unattended 
with an increaſe of hear, is a fact, which, I 
apprehend, we ſhall find no dithculty in ex- 
plaining, 

imo. It ſhould be obſerved that an accele- 
rated pulſe doth not always indicate an aug- 
mented action of the ſanguiferous ſyſtem : on 
the contrary, it ſeldom fails to occur, where 
the action of the heart and arteries is much 
diminiſhed. This fact is ſufficiently demon- 
ſtrated by Dr. Hales *. In one of his expe- 
riments to aſcertain the projectile force of the 
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heart, he fixed a glaſs tube to the crural ar- 
tery of a horſe, when his pulſe beat forty 
times only in a minute; but the pulſe, as the 


| horſe became fainter, was gradually more 


and more accelerated, till at laſt it exceeded 
a hundred pulſations in a minate. Whence 
we learn that as the powers of circulation 


. diminiſh, the quickneſs of the pulſe increaſes, 
This, however, is no argument againſt the 


truth of our theory, as it was ſhewn that the 
developement of phlogiſton depends up- 
on the powers of circulation; and therefore 
the increaſe of heat ſhould be in the com- 
pound ratio of the velocity and momentum 


of the blood. 


2do. Though the attic of phlogiſton 
depends chiefly on the influence of the Cir- 


culating powers, yet from the view we took 


of the different degrees of heat, in the difle- 
rent claſſes of animals, we learned that it was 
very intimately connected with the ſtate of 
their fluids; and hence it may be inferred 
that the condition of the blood in the ſame 
animal, may at different times be more or 
leſs fitted for the extrication of phlogiſton ; 


| and this ſuppoſition, a variety ot circun _ 


ces tend to countenance, It was formeily 
obſcrved that the fluids of the fœtus are per- 
tectly 
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fectly bland, and on chymical analyſis afford 
only a very ſmall portion of the principle of 
iflammability. It then it be maniteſt that 
the fluids of the fetus contain leſs phlogiſton 
than thoſe of the adult, we can hardly duubt 
that circumſtances frequently occur, which 


cauſe the quantity preſent in the fluids to vary 


at different times, through every ſtage of 
life. A total abſtinence from animal food, 
and all thoſe alimentary ſubſtances, in which 
this principle abounds; a debilitated ſtate of 
the digeſtive powers; a leuco-phlegzmatick or 
dropſical habit; in a word, whatever affects 
chylification muſt contribute ſomewhat either 


to prevent a due quantity of phlogiſton from 


being taken into the body at all, or render 
its evolution more flow even when preſent in 
the general maſs, 

From what hath been juſt now ſaid of the 
ſtate of the fluids in the fœtus, we are en- 
abled to explain a phenomenon, which ap- 
peared to Dr. Prieſtiey, and other experimen- 
tal philoſophers, a problem of no eaſy ſolu- 
tion, vis. that young animals live much 
longer in a given quantity of air, than old 
ones, The moſt convincing . proots were 
brought that the chief purpoſe of reſpiration 
is to carry off phlogiſticated matter from the 

Nn 2 lungs; 
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lungs; and thence it follows, that, as in 
young animals a ſmaller quantity thereof is 
explicated from the blood, the air is not fo 
ſoon ſaturated with it, and on that account, 
they are able to ſubſiſt for a longer period 
without a freſh ſupply, than older animals. 
This ſimple and natural explanation of the 
matter tends ſtrongly to corroborate my the- 
ory of reſpiration, and leads me to take no- 
tice of an opinion, which Dr. Monro delivers 
in his anatomical lectures on this ſubject. 
That celebrated phyſiologiſt from finding 
that fiſhes ſoon die in water exhauſted of its 
air, concludes that beſides ſomewhat noxious 
to the animal being waſhed off and carried 
away, there is likewiſe ſomething uſeful taken 
in, but as neither he, nor any other philoſo- 
pher, have yet attempted to explain the na- 
ture of this ſuppoſed pabulum vitæ, we are 
at liberty to deny its exiſtence entirely, eſpe- 
cially as this, and the other facts, on which 
the hypotheſis is founded, admit of a more 
ſimple explanation. It appears from many 
accurate experiments, that pure inflammable 
air by ſtanding in water loſes its inflammabi- 
lity, and becomes again fit for reſpiration. | 
This fact ſhows how fiſhes can live without | 
the atmoſpheric air. Agitation, we know, 
powerfully 
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powerfully promotes the union of phlogiſton : 


with water. How wondertully then are the 
gills of fiſhes adapted to this purpoſe, ſince the 
conſtant and alternate admiſſion and expul- 
ſion of water by them, far exceed the moſt 
ingenious contrivances of our experimental 
philoſophers for impregnating water with 
phlogiſticated air ; and it is ſufficiently evi- 
dent from the gills being of a much deeper 
red, than any othef part of the fiſh, that no 
inconſiderable quantity of phlogiſton is in 
reality carried off by them. It is however to 
be remarked, that though we can impregnate 
water with this principle, yet various experi- 
ments ſhew that its attract ion for phlogiſton 
very much depends on the quantity of air it 
contains; and therefore, when the air is ex- 
hauſted, the affinity is diminiſhed, and a 
breathing animal can no more live in it, than 
a flame in vacuo *. 


SECT. 


* Chymiſtry doth not furniſh us with a ſingle in- 
ſtance of a dire& combination of phlogiſton with wa- 
ter; I mean, of a body which conſiſts merely of it and 
water, But the principle of inflammability is capable 
of being united to compounds of which water is a 
conſtituent : Such are ſpirituous, oily, and ſaline ſub- 
ſtances, It is entirely owing to its phlogiſton that ſul- 
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. II. 


Stability of Animal Heat, 


Oxx of the meſt ſtriking phænomena of 


the heat of living animals, is the power with 


which they are endowed, of preſerving near- 


ly tte ſame degree of heat, in all the varia- 


tions of the temperature of the air. The vi- 


tal principle of animals ſeems to depend up- 


on a certain degree of heat; and this degree, 
in all the more perfect animals of every age, 
ſex, and conſtitution, vibrates from 96 to 98 
degrees of Fabrenbeit's thermometer; and 
while life and health remain, it continues the 
ſame in ſummer as in winter, in the frigid as 
in the torrid zone. I ſhall begin by inveſti- 


phur is not ſoluble in water. The difficulty of combi- 
ning this principle with water, without an intermediate 
ſubſtance, is common to all other mixtures in which it 
abounds in a ſtrongly attracting ſtate, Vapour may not 
improperly be faid to conſiſt ot fire and water, but there 
is here no intimate union of parts, for without a con- 
ſtant ſupply of adventitious heat, the vapour is imme- 
diately condenſed : but of this, more hereafter. 
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gating the powers, by which animated body 
is enabled to reſiſt degrees of heat much 1u- 
periour to its natural temperature. 

This ſubject hath of late very much en- 
gaged the attention of the ingenious in diffe- 
rent parts of the world. In France, du Ha- 
mel, Tillet * in Eritain, Fordyce, Blagden, 
and Debſon have inſtituted many ingenious 
and intereſting experiments, with a view to 
aſcertain the extent of this power, which 
ſeems ſo univerſally to attend life . But tho? 
it appears from the general reſult of theſe ex- 
periments that animals can, with impunity, 
ſupport ſuch high degrees of heat as in the 
days of Boerhaave would have been thought 
abſolutely incompatible with life, yet there is 
rcaſon to regret that they have not thrown fo 
much light upon the ſubject as might na- 
turally have been expected. For after weigh- 
ing, with the moſt painful attention, the in- 
ferences, which theſe gentlemen have dedu- 


ced from their ſeveral experiments, we ſhall * 


find, I am afraid, that the cauſe of this fin- 
gular phenomenon is as much as ever a deſide- 


ratum in phyſiology. Dr. Blagden, indeed, 
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aſſures us that his experiments prove, in the 
cleareſt manner, that the animal body hath a 
power of producing or deſtroying heat, juſt 


as the circumſtances of the ſituation require; 


and that it is a power of ſuch a nature, as 
can only be referred to the principle of life, 
and probably exerted in thoſe parts of our 
body, in which life ſeems peculiarly to re- 
ſide, I hope, however, to make it appear 
that the matter is by no means ſo very clear, 
as he ſeems to imagine; and on the contrary, 
that concluſions, widely different from thoſe 
he has drawn, are deducible from his expe- 
riments. In order to evince the truth of this 
aſſertion, it will not be neceſſary to repeat 
the objections formerly made to the Cullenian 
doctrine of animal heat, on which Dr. Blag- 


den's is founded. To ſay that cold or heat is 


eſſential to life, or that life can generate ei- 
ther, independent of chymical or mechani- 
cal means, is, as the London Reviewers very 
juſtly obſerve, * proſtituting the uſe of words, 
tt and recurring to occult qualities to account 
« abſurdly for things, becauſe we have not 
ce yet made ſufficient diſcoveries to account 
« for them philoſophically.” That we may, 
in this ſcrutinous inquiry, with more certain- 


ty, 
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ty, preclude every chance of - fallacy, no ad- 
vantage ſhall be taken of any theory hitherto 
advanced on the ſubject of animal heat, but 


the argument ſhall reſt ſolely, on the more 


general laws of heat, and on the experiments, 
as related by Dr. Blagden himſelt. I have 
likewiſe, - that we may be enabled to form a 
more accurate. judgment. of the foundation, 
on which he grounds his poſition, ſelected an 
experiment from each of the papers publiſhed 
by him in the Philoſophical TranſaCtions, and 
given them in his own words ||. 


EXPERIMENT I. 


W three La after breakfaſt Dr. 
Fordyce having taken off all his cloaths, ex- 


cept his ſhirt, in the third room, and being 


turniſhed with wooden ſhoes, tied on with 


Vol. LXV. 
N. B. Theſe experiments were made in a ſuite of 


rooms heated by flues in the floor, and by pouring upon 


it boiling water. There was no chimney in them, nor 
any vent for'the air, excepting through crevices at the 
door. In the firſt room were placed three thermome- 
ters; one in the hoteſt part of it, another in the cooleſt 
part, and a third on the table, to be uſed occaſionally 
in the courſe of the experiment. 
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liſt, entered into the ſecond room, and ſtaid 
five minutes in a heat of go®, when he be- 
gun to ſweat gently, He then entered the 


_ firſt room, and ſtood in the part heated to 


110?; in about half a minute, his ſhirt be- 
came ſo wet that he was obliged to throw it 
aſide, and then the water poured down in 
ſtreams over his whole body. Having re- 
mained ten minutes in this heat of 110, he 
removed to the part of the room heated to 
120®, and after ſtaying there twenty minutes, 
he found that the thermometer placed under 
his tongue, and held in his hand, ſtood juſt 
at 100?, and that his urine was of the ſame 


temperature; his pulſe had gradually riſen to 


145 pulſations in a minute. The external 
circulation was greatly encreaſed, the veins 
had become very large, and an univerſal red- 
neſs had diffuſed itſelf over the body, attend- 
ed with a ſtrong feeling of heat; his reſpira - 


tion however was little affected. He con- 


cluded this experiment in the ſecond room, 
by plunging into water heated to 100“, and, 
after being wiped dry, was carried home in a 


chair; but the circulation did not ſubſide for 


two hours, after which he walked out in the 
open air, and ſcarcely felt the cold. 
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EXPERIMENT IU. 


« I (Dr. Blagden) took off my coat, waiſt. 
coat, and ſhirt, and in that fituation went into 
the room, as ſoon as the thermometer had 
riſen above the boiling point (2129). The 
firſt impreſſion of the air upon my body was 


much more diſagreeable than I had ever felt 


through my cloaths, but in five or fix mi- 


nutes a profuſe ſweat broke out, and took off 


all my extraordinary uneaſineſs: at the end 
of twelve minutes when the thermometer 
had riſen to 2209, I left the room very 
much fatigued, but no otherwiſe diſordered : 
my pulſe beat 136 pulſations in a minute “.“ 


Thus the experiments are related, and I 
appeal to every unbiaſſed philoſopher, whe- 
ther there be a ſingle circumſtance in either 


of them, which marks a power, I mean, a. 


politive and active power, peculiar to the 


N. B. We are told by Dr. Blagden, that in ſome 
other experiments on the ſame ſubject, Dr. Fordyce and 
he had found, that even the 260th degree of Fahrenbeit's 
thermometer could be ſubmitted to with tolerable eaſe, 
My only reaſon for ſelecting the two experiments here 
recited, was their being ſtated in fewer words than any 


of the others, - 
O O 2 animal 
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animal economy, of reſiſting or deſtroying 
heat. For my part, I do nut heſitate to at- 
firm, that the bodics of thoſe gentlemen 
would have attained to a degree of heat 
equal to the ſurrounding medium (ſuppoſing 
ſuch a degree compatible with life), in as 
ſhort a time, as an equal bulk of the moſt 
inert and lifeleſs matter of a ſtructure any- 
wiſe fimilar to the animal machine, I mean, 
of a ſoſt, ſpungy, looſe texture, and equally 


well fitted for evaporation. 


It is ſomewhat remarkable that a man of 
Dr. Blagden's penetration and accuracy, 
ſhould have over looked ſo many material cir- 
cumſtances in eſtimating the quantity of heat 
communicated to bodies in a given time, He 
neither adverts to the quantity of matter in 
his body, nor the lowneſs of its temperature, 
on his entering the room, and ſeems to have 
entirely forgot that the ſlowneſs, or cclerity, 
with which heat is communicated, very much 
depends on the nature of the medium, thro' 
which it paſſes, and the nature of the ſub- 
ſtance receiving it. For it is not only noto- 
rious that rare Hodies are the ſloweſt conduc- 
tors of heat, anu that air, the medium in his 
experiments, is the rareſt of all fluids, but 
likewiſe that the time, which bodies take in 

coming 
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coming to an æquilibrium of heat, depends 
leſs on the real, or apparent quantity of mat- 
ter which they contain, than on certain cir- 
cumſtances in their aygregation fitting them 
to receive heat: But in order to throw tome 
light on this ſubject, I ſhall make a few cur- 
ſory obſervations on the more general laws of 
heat. | 

One of the moſt remarkable proper- 
ties of heat is its tendency to flow from 
warmer to colder bodies, till an equilibrium 
be produced between them. This ſo uni- 
verſally takes place, that it is impoſſible to 
make heat remain, for any length of time, in 
any maſs of matter placed without the ſphere 
of activity of a poſitive cauſe of heat, and 
deſtitute of any intrinſick principle capable 
of producing it. To account for the diffe- 
rence of time that different bodies take in 
attaining the temperature of the ambient me- 
dium, hath been long a ſubject of ſpecula- 
tion among philoſophers; Hut, at preſent, we 
ſhall proſecute it no farther than is neceſſary 


to explain the experiments before us, 


Muſſchenbroeck is of opinion that fire is 
equally diſtributed through equal ſpaces, and 
that there is as much of it in a cubical inch 
of air, as in a cubical inch of gold ; and his 
reaſon 
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reaſon for thinking ſo is, that the thermome. 
ter points to the ſame degree in both. In 
this particular, however, that ingenious chy- 
miſt is egregiouſly miſtaken ; for heat is to 
be conlidered both in reſpect of its degree, 
and its quantity, as appears from the follow- 
ing ſimple experiment. It we expoſe a cu- 


bical inch of wood, and a cubical inch of 


iron, for the ſame ſpace of time, to the ſame 
degree of heat, and then immerſe them into 
equal quantities of cold water, we ſhall find 
that the water, into which the iron was 
plunged, ſhall riſe many degrees higher than 


that into which the wood was thrown. It is 


therefore demonſtrably true, that iron, when 
heated, containeth a greater quantity of heat 
than the ſame bulk of wood ; and that wood 
requires at leaſt more time, if not a greater 
quantity of heat than iron, to bring it to the 
{ame temperature. This led Sir Jaac Neu- 
ton, and other philoſophers, to believe that 
heat is in proportion to the quantity of mat- 
ter in bodies. This opinion, however plau- 
ſible it may appear in theory, doth not ac- 
cord with facts and experience. Dr. Mar- 
tine, in order to aſcertain the facility with 
which bodies heat and cool, put equal quan- 
tities of quickſilver and water into two phials 
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hermetically ſealed, and found, on immer- 
ſing them into boiling water, that the mer- 
cury received heat much faſter than the wa- 
ter, and in greater quantity, but loſt it much 
ſooner, notwithſtanding its ſuperior denſi- 


* 


It is therefore evident, that the tempera- 
ture of ſome bodies is much ſooner raiſed, 
and with much leſs heat, than that of others ; 
and I am convinced that this circumſtance, 
which ſeems to have been overlooked by the 
major part of experimental philoſophers, 
hath been the ſource of much errour and de- 
ception. The vaſt latitude, which different 
bodies ſhew with reſpect to their capability 
of receiving heat, tends to corroborate the 
arguments formerly adduced to prove that 
fire is not merely an intenſe vibratory motion 
of the integrant particles of bodies, and in 
the compound ratio of the velocity and den- 
ſity of the matter, but is really a material 
aud an active fluid capable of pervading eve- 
ry ſubſtance in nature, and of exhibiting, in 
certain circumſtances, the phenomena of 
heat, According to the mechanical ſyſtem, 
the denſeſt bodies ſhould give out the greateſt 


* On Thermometers, 
quantity 
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quintity of heat, but this is evidently not the 
Caſe, for if water and lead be heated to the 
{ame poiut, two cubick inches of water will 
produce as much heat in a given quantity of | 
cold water, as five cubick inches ot lead. | 

Nothing hath ſo much contributed to the 
improvement of our ideas of heat, as the in- 
vention of thermometers. They are the on- 
ly teſts by which we can judge, with certain- 
ty, of the length of time different bodies 
2 take to heat and cool, and the proportions of 
N heat, which they receive, or loſe, in a given 
j time, when expoſed to equal quantities of 
if | heating or cooling cauſes. Sir 1/Jaac. Newton 
4 ſuppoled that the progreſſion with which 
| | heat is received, or Joſt, is geometrical; 
1 


Ad 


and Dr. Martine imagines that it is a com- 
pound of geometrical and arithmetical pro- 
"th greſſion; but farther experiments ſecm ne- 
ceſſiry to determine the diſpute, The queſ- 
tion of greateſt importance, and which hath 
puzzled chymiſts moſt, is to aſcertain' the 
real prirciples, on which the heating and 
cooling of bodies immediately depend, 

Dr. Boerhaave has laboured to prove that co 
bodies are more ſlowly, or quickly altered by fre 
the heating or cooling influence of the am- 
bient medium, in proportion to their denſity ; 

e on 
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and this is no doubt a plauſible ſpeculation, 
and what we ſhould naturally deduce from 
the vis inertiæ of matter: but it is a poſi- 
tion, by no means conformable to the above- 
mentioned experiments on quickfilver and 
water. The celerity, with which heat is 
communicated from one body to another, 
depends on a variety of circumſtances. A 
chief circumſtance is the extent of contact 
and cloſe communication of parts ; for when 
bodies are compoſed of the ſame quality and 
quantity of matter, their becoming hot or 
cold will be in due proportion to the extent 
of ſurface, This is the reaſon why a cube 
cools faſter than a ſphere of the ſame metal *. 
The diſtribution of heat is more or leſs rapid 
in proportion to the cloſeneſs of contact a- 
mong the inſenſible particles of mixts. This 
is obvious, from the celerity, with which it 
paſſes into hard compact bodies, and the ex- 
ceſſive ſlowneſs, with which it is imparted 
to ſubſt ances of a looſe, rare and ſpungy tex- 
With reſpect to fluids, the reaſon of their 
conceiving heat ſo faſt ſeems to ariſe entirely 
from their expanſibility |, When a veſſel 
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with water is placed over the fire, the heat ex- 
pands and renders lighter what is next the 
bottom, which of courfe aſtends to the top, 
while another part, more cool and denſe, de- 
ſcends to the bottom. Thus there is a per- 
petual circulation from the upper to the low. 
er part of the veſſel. It is on theſe principles 
that we explain the ſeverity of winter froſts 
in extenſive continents, and their mildnefs in 
fmall iflands. When a cold wind blows 
over an extenfive and deep ſea, the fuperficial 
water muſt be immediately cooled to a cer- 
tain degree, and the wind proportionably 
warmed. But the ſuperficial and cold water 
becoming ſpecifically heavier than the water 
below it, deſcends ; what is warmer ſupplies 
its place, and this change of the ſaperficial 
water, and ſucceſſive aſcent of that, which 
is warmer, and conſequent ſucceſſive abate- 
ment of coldneſs in the air, will go on till 
the whole water be ſo far cooled as to be at 
laft arreſted by froſt, - © | 
Were it not for the 8 of the 
air, and the expanſion, which it ſuffers, as 
it is the rareft of all fluids, it would be of all 
bodies the floweſt conductor of heat. That 
this is the caſe in a given quantity of air ap- 
pears from the following experiment. 1 
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If, we take three veſſels of equal capacity, 
and fill the firſt with air, the ſecond with 
water, and the third with quickſilver, all of 
one; temperature, and in each ſuſpend a piece 
of iron heated to the ſame degree, we ſhall 
find that the iron will cool extremely flowly 
in the veſſel replete with air, much ſooner in 
the water, and {till faſter in the mercury, 
The cooling of the iron in this experiment 
is, however, far from being in the inverſe 
ratio of the denſity of the different fluids, as 
Boerbuaue alleges . The reaſon, why heat 
flows faſter into denſe thin rare bodies, into 
which, à priori, it might be ſuppoſed to pe- 
netrate with greater facility, is ſtill a problem 
in phyſicks. All the conjectures hitherto of- 
tered are inſufficient to ſatisfy a rational in- 
quirer, though each hath had its vogue and 
day, The following obſervations will, I 
hope, thraw ſome light on the ſubject; and 
when an inveſtigation is from its nature ſo in- 
tricate and obſcure, that we can hardly ex- 
pect to arrive at concluſions which are cer- 
tain, there may be ſome utility in pointing 
out ſuch as are probable, 
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The temperature of the air becomes cold. 


er and colder the higher we aſcend. All 


thoſe, who have viſited Mount Ana, have 
experienced the truth of this poſition. That 


mountain is divided into three diſtinct regi- 


ons, which are as different in climate and 
productions, as the zones of the earth, and 
perhaps, with equal propricty, might have 
been ſtyled the torrid, the temperate, and 
the frigid zone. When the harveſt is quite 
over, and the heat inſupportable at the foot 
of the mountain, at Nzco/off, which is only 
twelve miles up it, the corn is ſtill green, 
and the heat moderate. In the ſecond region, 
the heat is ſeldom obſerved to riſe above 60 
degrees in the hotter ſummer months : and 
near the ſummit of the mountain, which is 
covered with ſnow perhaps coeval with itſelf, 
the temperature of the air is always at leaſt 
five degrees below the point of congelation. 
Every circumſtance mentioned, with reſpect 
to the difference of climate on Mount Ana, is 
equally applicable to the Andes. Theſe 
mountains, no leſs remarkable for extent than 
elevation, may be literally faid to hide their 
heads in the clouds, The ſtorms often roll, 
and the thunder burſts, below their ſummits, 


which, though expoſed to the rays of the 


fun 
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fun in the center of the torrid zone, are co- 
vered with everlaſting ſnows. The ſhowers 
of hail, which fall in ſummer, are a farther 
proof of the coldneſs of the ſuperior regions 
of the atmoſphere, This is a curious and in- 
tereſting fact, and if the principles, on which 
Jam about to explain it, are well founded, 
they will clear up many difficulties reſpecting 
the unequal diſtribution of heat. 

The ſun is, no doubt, the ſole poſitive and 
permanent ſource of heat, as well as of light; 
on the ſurface of the terraqueous 'globe; but 
various circumſtances, beſide the direct torce 
of his rays, tend to regulate the heat, which 
he communicates to the atmoſphere,  Expe- 
rience hath taught us that he imparts little 
or no heat to ſuch bodies, as are perfectly 
tranſparent. It a burning glaſs be ſo placed, 
that the focus falls a little below the ſurface 
of a tranſparent fluid, it doth not heat the 
fluid, A convex lens, while it produces a 
degree of heat intenſe enough to vitrify flint, 
does not ſenſibly affe a thermometer apphed 
to it: nay, a lens may be conſtructed of ice, 
powerful enough to inflame wood, and fuſe 


metals, It is therefore ſufficiently manifeſt 
that the rays of light do- not heat a diapha- 


nous nds and that, to produce any re- 
markable 
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markable effects of heat, they muſt be mo- 
dified, and variauſly reflected, by opaque 
bodies. This is the reaſan, why the, ſupt riour 
regions of the air, which. are ſa much more 


rate and tranſparent than the lower, are like- 


wiſe ſo much colder; and were it not far the 
ſolid heterogeneous bodies floating in it, 1 
queſtion if it would be at all ſuſceptible of 
heat. Now tlie atmoſphere, which environs 
the ſummits of thoſe lofty mountains covered 
with eternal ſnows, is ſo extremely rare and 
free of every kind of earthy particles floating 
in it, that the ; ſolar rays mect with nothing 
to reflect them; and. according to Sir Iſaac 
Newton, they generate no heat in a medium 
through which they pak undiſturbed, in 
right lines. Quod radii ſolis non agitant 
% media que permeant, niſi in refleftione & 
* refractione.””; Upon the whole, it appears 
that the heat produced is always 4n proportion 
to the number of ſolar rays collected and res 
flected by opaque bodies. 5 

But though We have explained the nk 


why the rays of light do not heat a tranſpa- 


rent medium, no philoſopher, as far as 1 
know, has been able to account in a ſatisfac- 
tory manner, why bodies receive heat, cæte- 


71s ++ e in proportion to their denſity. 
For 
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fity ; and both ſolar and artificial heat depend 
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For my own part, after conſidering the queſ- 
tion! with a good deal of attention, I muſt 
acknowledge that I have nothing certain to 


offer on it; and even ſuſpect that a ſatisfacto- 


ry explanation exceeds the limits of our pre- 
ſent phyſical knowledge. Conjectures, haws 
ever, may be admitted, which as they are 
not intended to decide, do not eſtabliſh or 
confirm” errours, but may be ufeful in ſuge 
geſting hints to future inquirers. A thou- 
land different phenomena teach us, that bo- 
dies abſorb the heat of the fun, in proportion 
to their opacity; and experiments, without 
number, ſhew that culmary heat. is commu« 
nicated to bodies in proportion to their den- 


upon one and the fame cauſe; the phlogiſtick 
fluid. This analogy between the modus agen- 
& of ſolar and culinary heat, at one time ap- 
peared to me ſufficient to throw conſiderable 
light on the ſubject ; but notwithſtanding its 
being a well eſtabliſhed maxim in phyloſo- 
phizing, that fimilar effects can only proceed 
from ſimilar. cauſes, I ſhall leave it to future 


experience to determine whether denſe bo- 


dies receive heat faſter, and in greater quan- 
tity, than rare ones, on the ſame principles, 
that opaque ſubſtances abſorb the ſolar heat, 
whilſt 
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whilſt pellucid bodies retain only a very ſmall 
portion of it. It was formerly ſhewn that 
the electrical matter is really a modification 
of phlogiſton, and numberleſs obſervations 
ſhew that the worſt conductors of electricity 


are, in general, the ſloweſt conductors of 


heat, A comparative view, founded on ex- 
periment, of the conducting power in bodies 
of heat and electricity would, I am perſuad- 
ed, throw no inconſiderable light on both 
thoſe important phyſical queſtions ; and this 
I would ſuggeſt as a proper ſubject of inquiry 


to ſuch as have more genius and leiſure to 


proſecute it, than I am poſſeſſed of. The 
foregoing obſervations on the more general 
laws of the diſtribution of heat among bodies 
will, I apprehend, enable us to explain, 
whence it happens that the animal body may, 
in certain circumſtances, be expoſed to very 
high degrees of heat, without ſuffering any 
conſiderable chan ge in its natural 2 
ture. 

The chief circumſtances to be adverted to 
in Dr. Blagden's experiments are, 1/0. the de- 
gree of heat to which the rooms were heated; 


and the quantity of matter in his own: and 
the other gentlemen's bodies. 2d. The me- 


dium, through which the heat was tranſmit- 
ted; ; 
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ted ; and laftly, The texture of the human 
body, and its particular tendency to {poute= 
neous evaporation, 

1j. It would certainly have aſtoniſhed 
the great Boerbaave, to have been aſſu- 
red by ſeveral philoſophers of undoubted 
veracity, that they had for many minutes 
remained, with impunity, in a medium, 
in which the thermometer had riſen ſeve- 
ral degrees above the temperature of boil- 


ing water, when he, in conſequence ' of his 


own and Fabrenbeit's experiments, had pro- 
nounced it impoſſible for man to ſubſiſt in a 
degree of heat, in which the mercury roſe 
above that of his own body. But the Boer- 
baavian doctrine, in this particular, hath been 
long ſince proved erroneous. Mr. Tillet, a 
French Academician, was the firſt, who in- 
ſtituted a courſe of experiments to point out 
the fallacy of thoſe, on which Boerbaave 
had grounded his opinion v. Du Hamel, 
and others, have fince followed his example 4. 
but J have pitched on Dr. Blagden's, both 
on account of their being more generally 
known, and becauſe he hath drawn conclu- 
fions from them, which, in my apprehenſion, 
are by no means conſonant with ſound philoſo- 
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phy. | How far I am right in this aſſertion, 


can only be determined after a full 2 — 


of the matter. 

The firſt thing to be confidered | is the de- 
gree of heat, to which the thermometer roſe 
in the heated rooms. This was indeed ſo 
extremely high, that at firſt, it almoſt ap- 
pears incompatible with animal life; but 


hen we have coolly and maturely weighed 


all the concomitant circumftances, our aſto- 
niſhment, I truſt, will entirely ceaſe, and we 
ſhall then comprehend how the human body 
can bear with impunity, for a ſhort ſpace of 
time, the contact of air, in which the ther- 
mometer hath riſen above 260 degrees. It 
appears, from the above-mentioned experi- 
ments of Dr. Martine, that the temperature 
of quickſilver is more quickly raiſed, and 
with a leſs quantity of heat than that of any 
other fluid, with which we are yet acquaint- 
ed. And as all the thermometers uſed in Dr. 
Blagden's experiments were made with quick- 
filver, it is evident that they would receive 
heat much faſter, and in greater quantity, 
than his body, or any other ſubſtance that 
was not of the ſame denſity and tenacity as 
mercury, Of this Dr. Biagden himſelf fur- 


niſhes us with an irrefragable evidence. He tells 
us 
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us that an earthen veſſol, containing pure 
« water, being placed in the heated room, 
“ it was a full hour and a half before it roſe 
eto gr. 140, and never came near the boil- 


ing point, but continued ſtationary above 


* aa hour at a much lower degree *. Can 
we deſire a more convincing proof of the 
diftcrent fitneſs in inert matter of receiving 
Heat, than that a ſmall quantity of water 
ſhi uld be an hour and a halt in acquirug 
140 degrees, whilſt the mercury in the ther- 
mometer roſe in a few minutes to gr. 204. 
Since ſo ſinall a quantity of water was ſuch a 
length of time in arriving at this low degree 
ot heat, it plainly follows that a confider.bie 
body of it would have, in the ſame ſpace of 
time, ſuffered very little change in its tempe- 


rature; nay, I venture to afficm that if a vo- 


lame of quickſilver, equal in bulk to Dr, 
Blagden's body, notwithſtanding its extreme 
facility of being heated, and its incapacity of 
ſpontaneous evaporation, had been expoled 
for the ſame ſpace of time to the ſame degree 
ot heat, it too would have exhibited ſtrong 
maiks of a power of generating cold, and 
been found, at the expiration of twelve mi- 
nutes (the time he remained in the heated 


4 Philoſoph. Tranſ. vol. LXV, 


Q q2 room), 
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room), almoſt as far from an equilibrium of 
heat with the ſurrounding medium, as his 
body. It is therefore manifeſt, that no con- 
cluſions can with any certainty be deduced 
from experiments of this nature, without ex- 
actly aſcertaining the quality and quantity of 
matter in the reſpective bodies; their compa- 
rative extent of ſurface, and the ſpecific dif- 
ference of their aptneſs to receive and tranſ- 
mit heat: for unleſs thoſe points be duly at- 
tended to, no general concluſions can on juſt 

grounds be inferred, | 
240, The next circumſtance to be conſider- 
ed is the medium, through which the heat 
was tranſmitted to their bodies. We have 
ſeen that the ſlowneſs, or celerity, with which 
heat is communicated to bodies, depends in a 
great meaſure on the nature of the conducting 
medium; and facts and obſervations have 
taught us that bodies convey heat quickly, or 
flowly, according as their texture is more 
or leſs denſe, and hence the rareſt bodies are 
the ſloweſt conductors of heat. Now, both 
in Dr, Ferdyce's and Dr. Blagden's experi- 
ments, the conducting medium was as rare, 
as we can well imagine: In the. former, it 
was common air ſlightly loaded with a wa- 
tery vapour: And in the ſecond, pure dry 
air, 
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air, highly rarefied by heat. And how 
much the communication of heat depends 
upon the medium through which it is tranſ- 

mitted, Dr. Dobſon's late ingenious experi- 
ments ſufficiently evince. Part of the ſhell 


« of an egg (lays that judicious philoſopher), 
« was peeled away, leaving only the film 


„ which ſurrounds the white; and part of 
_ « the white being drawn out, the film ſunk 


e ſo as to form a little cup. This cup was 
te filled with ſome of the albumen oui, which 
e was conſequently detached as much as poſ- 
« fible from every thing but the contact of 
te the air and the film which formed the 
« cup. The lower part of the egg ſtood 
« upon ſome light tow in a common galley- 
« pot, and was placed in a wooden ſeat in 


« the ſtove, The quickſilver in the ther- 


© mometer {till continued at 224 degrees af- 
* ter remaining in the ſtove for an hour; the 
te lower part of the egg which was covered 
te with the ſhell, was firmly coagulated, but 
te what was in the little cup was fluid and 
te tranſparent. At the end of another hour 
« it was ſtill fluid except on the edges, and 
e there it was ſtill tranſparent, a ſufficient 
« proof that it was dried, not coagulated *. 


t Phil, Tranſat, vol, LXV. : 
This 
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This experiment, which J have recited in 
Dr. Dobſon's own words, affords a ſtriking 
inſtance of the unequal diſtribution ot heat, 
and proves, I think, to demonſtration, that 
very much depends on the nature of the 
conducting medium, By what other princt- 
ples can we explain whence the aibumen ci, 
which in water coagulates at 150 degrees, 
ſhould, when not in contact with its own 
ſhell, or any denſe body, remain fluid when 
the thermometer has reached to gr. 224? Is 
It not in favour of the ſame opinion that the 
human body, when naked, can bear with- 
out immediate injury, an atmoſphere ſeem g- 
Jy heated to 260 degrees; whercas in the 
ſame medium, it covered with tin, it would 
quickly experience an intolerable and deſtruc- 
tive degree of heat? I have ſaid ſeemingly 
heated to gr. 260, for were the temperature 
of the ſurrounding medium really and poſi- 
tively fo high, no animal whatever (of ſala- 
manders I write not) could poſſibly ſubſiſt far 
a few minutes; nay, I ſhould juſt as ſoon be- 
lieve that Dr. Blagden had remained ten mi- 
nutes without any inconveniency in a caul- 
dron of boiling water, as in air abſolutely 
heated to 260 degrees; and yet neither he, 
nor Dr. Dobſon, ſeem to have entertained the 

ſmalleſt 
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ſmalleſt ſuſpicion that the air, in the heated 
rooms, was of a different temperature from 
that indicated by the thermometer. It was 
the overlooking of this very material and 
leading circumſtance that rendered their de- 
ductions ſo egregiouſly erroneous. Had theſe 
gentlemen reflected on the more general laws 
of heat, they would no doubt have inferred, 
that its diſtribution in their experiments muſt 
be the fame, as on all fimilar occaſions, and 
by co ſequence that the heat of the ambient 
medium, to that of the thermometer, would 
be nearly as tie tenacity and denſity of quick- 
filver are to that of air. 

It may, perhaps, at firſt appear a little pa- 
radoxical to aſſert that the air ſhould have 
tranſmitted to the thermometer a much great- 
er quantity of heat, than it was really poſ- 
ſeſſed of; but a thouſand known facts and 
experiments warrant this deduction. Have 
we not ſcen that the ſuperiour regions of the 
atmoſphere, through which the ſol.r heat is 
communicated to the terraqueous globe, in- 
creaſe in coldneſs, in proportion to their diſ- 
tance from the earth; and does not every 
experimenter know, that a piece of wood at 
the bottom of a bowl of water may, by 


means of a burniog-glaſs, be reduced to char- 


coal 


he has been extremely puzzled to expl 
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coal without heating the intervening fluid, 
We may now, therefore, affirm what we 


formerly alleged, that the ſolar heat acts ſole- 


ly on opaque bodies, and culinary heat on 
denſe ones. Whoſoever contemplates the 
nature and properties of pure atmoſpheric air, 
muſt, I think, be convinced that it is ſuſcep- 
tible only of a very ſmall degree of heat: 
The immediate and uniform effect of heat 
upon air is the producing of a proportional 
rare faction thereof; and ſuch is its power of 
elaſticity, that no ſubſtance in nature can 
confine it in a condenſed ſtate, when heat is 
applied. It is therefore obvious to remark, 
that ſince bodies the rarer they are, the leſs 
they are fitted to receive heat, the fluid air, 
whoſe rarefaction increaſes in proportion to 
the heat applied, and whoſe elaſticity renders 
it incoercible, cannot poſſibly be heated to a- 
ny high degree. By not attending duly to 
this circumſtance, many ingenious philoſo- 
phers have been exceedingly miſled in their 


experimental inquiries. 


Dr. Dobſon has ſubjoined to his experi- 
ments, ſeveral judicious obſervations and cu- 
rious ſpeculations, on the ſubject of heat: 
There is however one phenomenon, which 
an ; 
and 
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and it is, how the animal body can bear with 
impunity the contact of air heated to 260 de- 
grees (tor he had no doubt of the air and 
thermometer being of one temperature), 
whilſt, if covered with tin, it would ſoon 
periſh at a much lower degree of heat? In 
order to ſolve the problem, he propoſes it as 
a query, whether, in the laſt inſtance, the 


fire does not paſs into the body in a ſenſible 


and active ſtate, whilſt in the firſt, it becomes 
immediately latent and quieſcent? But had 
the caſe really ſtood as he imagined, we 
ſhould in vain, I ſuſpect, have attempted to 

expound it on the principles of latent heat. 
Dr. Black, amongſt the other important 
diſcoveries, which he hath made in natural 
philoſophy, has proved by incontrovertible 
experiments, that heat, on ſome occaſions, 
becomes latent in bodies. The difference 
between latent and obvious heat is, that the 
former doth not affect the moſt ſenſible ther- 
mometer, whilſt the latter is ſo far in a fluc- 
tuating ſtate, that it uniformly paſſes from a 
hotter to a colder body, till an equilibrium 
between them be produced. But when heat 
becomes latent, it evidently doth not depend 
on the manner, in which it is communicated, 
** Black found that ice, before it became 
R r fluid, 
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fluid, abſorbed 147 degrees of heat; but this 
equally happened, whether it was allowed to 
diſſolve ſlowly in warm air, or was fuddenly 
melted in warm water v. Another objection 
to Dr. Dobſon's ſuppoſition is, that ſenfible 
heat is never obſerved to become latent, or 
quieſcent, unleſs when bodies are either paſ- 
fing from a ſolid to a fluid ſtate, or converted 
into vapour. 8 

It is therefore ſufficiently plain, that there 
is no reaſon to believe that bodies receive heat 
in an active, or a quieſcent ſtate, according 
to the mode in which it is applied to them. 
Dr Dobſon came much nearer the truth, when 
he attributed the unequal diſtribution of heat 
in his experiments, to the difference in the 
nature of the medium, through which it was 
tranſmitted. This deduction is not only ſup- 

rted by his own experiments, but is like- 
wiſe ſeconded by ſeveral particulars in thoſe 
of Dr. Blagden. This gentleman informs 
us, that the pieces of metal, which he had 
with him in the heated rooms, felt intolera- 
bly hot, whilſt the air, from which they had 
derived their heat, was only unpleaſant: and 
adds, that the ſame perſon, who ſuffered 


| 4 Chym . Lectu res, 
little 
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little inconvenience from air, in which the 
thermometer roſe to 260 degrees, could not 
bear quickſilver at 120 degrees, and could 
juſt bear rectified ſpirit of wine at 130, All 
theſe facts concur in ſhewing, that bodies re- 
ceive heat faſter and in greater quantity, in 
proportzon to their denſity; and that they 
impart it, quicker or ſlower, on the ſame 
principles. Had Dr. Blagden duly adverted 
to theſe ſeveral circumſtances, he would not 
have expreſſed fo much aſtoniſhment on find- 
ing that the human body was capable of 
ſupporting, with impunity, a degree of heat, 
which, atter many hours, could not bring a 
ſmall quantity of water near the boiling 
point, nor even coagulate a ſmall portion of 
albumen oui, when not in contact with a denſe 
body. 
34i0. The laſt thing to be conſidered in Dr. 
Blagden's experiments, is the texture of the 
human body, and its fitneſs for receiving heat 
ab extra, It appeared, from the principles 
formerly explored, that heat is communica- 


ted to bodies faſter or flower nearly in pro- 


portion to their denſity. It is therefore ma- 
nifeſt that the human body, which is plainly 
of a looſe, rare, and ſpungy texture, would 
receive heat extremely ſlowly, and in ſmall 

Rr 2 quantity , 
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quantity; particularly, when the medium 
was ſo very rare as in the experiments before 
us, But the chief circumſtunce which ena- 
bles man, and other analogous animals, to 
reſiſt external heat, is the tendency of the 
economy to ſpontaneous evaporation ; the 
powerful effects of which, in diminiſhing 
heat, however explained, admit of no dif- 
pute. | 

It is well known to phyſiologiſts, that all over 
the external ſurface of the body, and through- 
out the whole expanſion of the cuticle, there 
is a perpetual tranſudation of the recrementi- 
tious fluids, eſcaping under the form of a 
ſubtile vapour, When this exhalation is co- 
pious enough to become an object of the 
ſenſes, as in ſweat, it is ſtyled ſen/ible perſpi- 
ration; when it is ſo ſubtile as to eſcape their 
notice, it is ſaid to be inſenſible. The quan- 
tity of matter evaporated in this way, appears, 
from the moſt accurate ſtatical experiments, 
to exceed all that is evacuated by the other 
emunctories *. Sanctorius, the celebrated 
Paduan phyſician, found that in Traly, under 
the circumſtances of a tempcrate diet, mid- 
dle age, and an eaſy life, the matter inſenſi- 


* Xe Med. Stat. Brit. 


bly 
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bly perſpired was equal to g- eighths of the 
whole aſſumpta. Friction, violent exerciſe, 
external heat, and whatever quickens the 
circulation, and raiſes the pulſe, promote the 
evaporation, as by tis means a greater quan- 
tity of perſpirable matter is, in a given time, 
brought to the exhaling veſſels. ©« Quod- 
« cunque curſum et circulum ſanguinis pro- 
© movet, perſpirationem augere certiſſimum 
e eſt *. It is therefore apparent that the 
exhalation, which takes place from every 
pore of the human body, though very conſi- 
derable at all times, may ſtill be much in- 
creaſed by external cauſes, 

The effect of evaporating fluids in produ- 
cing cold, ſeems to have been obſerved, a- 
bout the ſame time, by M. de Mairan in 
France t, and Mr. Richman at Peterſburg || ; 
but nothing has thrown ſo much light on the 
ſubject, as Dr. Cullen's ingenious experiments, 
publiſhed ſome years ago in the Edinburgh 
phyſical and literary Eſſays. From ſeveral of 
theſe it appears, that the refrigerating power 
of evaporation is very great. In one inſtance, 


Hoffman. med, rat. Syſt, 
7 Diſfertation ſur la Glace. 


ll Nov. Comment. Petropol. 1747-8. 
| when 


318 The Phenomena of A, Heat 


when the heat of the air was about 53, de- 
gvecs, he ſet a veſſel containing nitrous æther, 
in another, a little larger, containing Water, 
and placing both under the exhauſted. receiver 
of an air pump, he tuund, in a very few 
minutes, molt. part of the. water frozen, and 
the veſſel containing, the æther turrounded. 
with a thick and firm eruſt of ice *. I have 
repeatedly faticfied myſelſ of the ſudden. di- 
minution of heat, in conſequence of cvapo- 
ration, by moiſtening with ſpirit of wine the 


| ball, of a thermometer; and I have always 


abferved, that the quickſilver ſunk faſten, os 
flower, in proportion. ta the quickneſs of eva- 
poration. 


NM B. Mr. Nuirns in the Philoſophical TranſaQi- 
ons for. 1777, mentions am experiment which he made, 
to try whether he could produce any conſiderable degree 
of cold, by the evaporation of zther under a: receiver, 
whilft exhauſting; and} found that when- the: degree: of 
exhauſtionz. by the barameter gage was 65, the degtes 
af- cold indicated by the fall: of the thermometer, was 


48, below o in Fabrenbeit's ſcales; fo that there was 4 


degree of cold produced 1030 colder than the air of the 
room, where the experiment was made; the therme- 
meter in it being at 55 degrees above o. The air being 
let into the receiver, the remaining æther was exami- 
ned, and there were found ſeveral pieces of ice at the 
bottom of the phial, ſome of them as big as large peas. 


Various 
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Various ſolutions have been given the cauſe 
of ſpontaneous evaporation ; but that which 
ſuppoſes it, on all oocufions, to depend upon 
heat, ſeems liable to the feweſt difficulties. It 
is obvious that vapour becomes more copious a8 
the heat increaſes, and that it oondenſes again, 
when the heat is removed, It is on theſe 
principles only, that we can rationally account 
for the phenomena of miſts, dews, c.; 
but though we may thence infer that ſponta- 
neous evaporation is very analogous to the 
production of an elaſtic ſteam, in a fluid that 
has attained the boiling point of heat, yet we 
have ſtill to inveſtigate the cauſe, on which, 
its power of producing cold immediately de- 
pends. Several conjectures have been offered 
on the ſubject. Some have endeavoured to 
explain the phenomenon, by aſcribing it to 
the effect of the mixture of the evaporating 
fluids with the air; but that this is not the 
caſe, is ſufficiently apparent from Dr. Cullen 
experiments, which clearly prove that the 
cold produced depends more on the volatility 
of the aggregate, than on the nature of the 
mixt; and that the evaporation in vacus is 
accompanied with a greater degree of cold, 
than in the open air. The moſt ſatis factory 
ſolution of this curious phyſical problem has, 

in 
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in my opinion, been given by Dr. Black, 
That ingenious philoſopher, as was formerly 


320 


hinted, was led by a variety of circumſtances 
to conclude, that on ſome occaſions, a quan- 


tity ot obvious heat becomes latent; and on 
others, that latent heat emerges, and be- 
comes obvious. After water is brought to 
the boiling point, it ſhould, in a few mi- 
nutes, fly all off in vapour; but inſtead of 
this, it is conſtantly receiving heat from the 


fire, which heat is neither ſenſible in the wa- 


ter, which continues at the ſame degree, nor 
in the vapour, which is not hotter than the 
water; but on condenſing this vapour, a pro- 
digious quantity of heat becomes obvious, 


Which was before concealed in a latent ſtate. 


Dr. Black, and Dr. 1rwin, found upon agcu- 
rate calculation, by obſerving the retrigeratory 
of a common ſtill, that the heat of the va- 
pour, if not in a latent ſtate, muſt en 
equal to 800 degrees. 

The arguments, which ſhow that on cer- 
tain occaſions latent heat aſſumes a ſenſible 
form, are not leſs concluſive than thoſe, 
which evince heat being abſorbed and beco- 


ming latent. A multitude of facts and ob- 


ſer vations tend to prove, that obvious heat 


never ee latent in ſolid bodies, till they 
arrive 
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arrive at their melting point. Fluidity is ſo 
univerſal an effect of heat, that there is hard- 
ly a ſubſtance in nature, which either alone, 
or compounded, may not be fuſed by means 
of -burning mirrors: -we even find that not 


only ſolid bodies can be rendered fluid by 


heat alone, but likewiſe that thoſe bodies, to 
which fluidity has been thought eſſential, on 
having their temperature ſufficiently dimi- 
niſhed, aſſume a ſolid form. Profeſſor Braun 
of Peterſburg *, by a mixture of the nitrous 


acid and ſnow, congealed quickfilver ſo firm- 


ly, that it required ſeveral ſtrokes of a ham-. 
mer to reſtore its fluidity 7. 

The degree of heat neceſſary to produce 
fluidity is extremely different in different bo- 
dies, but is uniform and ſtable in the tame, 
It does not however depend on ſenſible heat 
alone, We find that as long as a body con- 
tinues ſolid, heat, if increaſed, is perceptible 


Nov. Comm. Petropolit. 


t Mr. Hutchins informs us, that at Albany, in Hud- 
ſm's Bay, in 1775, by means of a mixture of melting 
ſnow and /p. nitri fumans Glauberi, the quickſilver in his 
thermometer was ſo completely frozen, that after break- 
ing the tube, he repeatedly ſtruck the cake with a ham- 
mer, and heard it give a deadiſh ſound like lead, Phil. 
Tranſ, vol. LXVI. 


S 1 by 
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by the thermometer; but the inſtant it ar- 
rives at the melting point, the thermometer 
becomes ſtationary how long ſoever we con- 
tinue to throw heat into it, Dr. Iruin of 
Glaſgow, found that a quantity of melted tin 
thrown into water, raiſed its temperature in 
a much greater proportion, than a ſolid maſs 
of the ſame metal heated, as nearly as poſſi- 
ble, to the ſame degree: an irrefragable. 
proof that the heat, which continues to flow 
into bodies, after reaching their melting point, 
is not loſt by. communication, as philoſophers 
have in general ſuppoſed, but that it is ab- 
ſorbed and remaius quieſcent in them, till 
they. be cooled down to a certain degree; at- 
ter which, it they be placed near to eolder 
bodies, it begins to emerge and gradually re- 
ſume a ſenſible form: and it is only when 
the latent heat is entirely gone, that the 
body returns to its ſolid ſtate, and acquires 
the temperature of the ſurrounding medium. 
J have repeatedly found, on expoſing to the 
open air, when ſeveral degrees below the 
freezing point, a decanter filled with water, 
in which a thermometer was ſulpended, that 
the quick ſilver fell to 27 whilſt the water 
remained perfectly fluid; but that the inſtant 
the cryſtals began to encompaſs the ball of 
the 
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the thermometer, it roſe to 32%, M. de 
Mairan and Dr. Black relate ſeveral experi- 
meiits, in which they obſerved the water to 
fall many degrees below the point of conge- 
lation, but that upon freezing, it always be- 
came warmer, and roſe to 32. We can 
hardly, I think, doubt that the heat, which 
emerged on theſe occaſions, was really pre- 
ſent in the water in a quieicent ſtate, and was 
the cauſe of its fluidity, For it the conver- 
ſion of water into ice depended ſolely on the 
diminution of ſenſible heat, it ſhould be all 
frozen in a few minutes after coming to the 
freezing point: but this, we have ſeen, is 
not the caſe. There is in the Philoſophical 
Tranſactions of laſt year, a courſe ot expe- 
riments on the freezing of ſea- water, which, 
though intended by their ingenious author, 
Mr. Nairne, to reſolve a different phyſical 
queſtion, throw, in my opinion, conſiderable . 
light on the ſubject of latent heat. As they 
are too numerous to be here inſerted, I muſt 
beg leave to refer the reader to the original 
paper “. 

But though Dr. Black has, I think, 
proved beyond diſpute that ſenſible heat be- 


* Vol, LXVI, 
8 82 comes 
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comes latent during the tranſition of bodies 
into vapour, yet he has not, as far as I know, 
attempted to explain the principles on which 
this curious phenomenon depends: and. in- 
_ deed fo low and imperfect is, to this day, 
the ſtate of our knowledge of the operations 
of nature, that, notwithſtanding the boaſted 
diſcoveries of the preſent age, hints and con- 
jectures are in reality all that we in general 
have to offer in lieu of ſatisfactory ſolutions 
of phyſical problems. This confeſſion, how- 
ever, is the leſs humiliating, that the vanity of 
man prompts him to hope that what he 
now throws out, as ſimple conjecture, will 
one day be eſtabliſhed on the firm baſis of 
obſervation and experiment: How far this 
may be the fate of many ſpeculations hazard- 
ed in the courſe of this treatiſe, time alone 
can determine, But to return to my ſubject. 
Since it is Chiefly during the rarefaction of water 
into vapour that obvious heat becomes latent ; 
and during the condenſation of vapour to itsfor- 
mer ſtate that latent heat emerges and becomes 
ſenſible, is there not reaſon to believe that 
the whole is explicable on electrical princi- 
ples. Water, in its natural denſe ſtate, is 
incapable of being charged with more elec- 
tricity than it already poſſeſſes; but, when 

rarefied 
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rarefied into vapour, is capable of attracting 
and retaining a much greater proportion of 
electrick matter. When a portion of wa- 
ce ter (ſays Dr. Franklin) is in its common 
& denſe itate, it will hold no more electrick 
te fire than it has: When the ſame portion 
« of water is rarefied into vapour, and forms 
* ac'oud, it is then capable of receiving and 
* abſorbing a much greater quantity, there 
* 1s rooM for each particle to have an electrick 
© atmoſphere,” Now, as various arguments 
were io1merly adduced, not only to evince 
the unity and identity of the electrick mat- 
ter and phlogiſton, but likewiſe to prove that 
the latter is the true elementary principle of 
fire, is there not a ſtrong preſumption that 
during the tranſition of denſe fluids into va- 
pour, the adventitious and ſuper-abundant 
phlogiſton forms an el:Qrick atmoſphere 
rourd each minute particle of vapour, and 
continues in that ſtate till, by the approach 
of colder bodies and the conſequent change 
of temperature, the vapour returns to its 
condenſed ſtate ; and as it is then no longer 
capable of retaining the ſame quantity of 
electrick fire, this is again ſeparated, under 
that form of action in which it produces 
heat, This hypotheſis is the more * 
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that the difference in the electrick ſtate of 
the ſame bodies, at different times, very much 
deren on their temperature. 

This ſhort account of the theory of latent 
heat, will, I hope, enable us to explain the 
power of evaporating fluids. in producing 
cold, We have every reaſon to believe that 
vapour is produced in the ſame manner as 
fluidity; and conſequently; that a quantity of 
ſenſible heat becomes quieſcent in it, as Dr, 
Franklin chooſes to ſpeak; and continues iti 
that ſtate till the vapour begin to be again 
condenſed, The vapotifick point of fluids, 
though it plainly depends on a certain degree 
of heat, is widely different in different bo- 
dies, but is uniformly the ſaine, in the ſame 
fluid, in fimilar circumſtances. The terms 
volatility and fixedneſs ate only terms of com- 
patiſon ; thoſe bodies being ſtyled volatile, 


which require leſs heat to convert them into 


vapour, than moſt others, and vice verſu; 
The chief circumſtances, Which ſeem to in- 
fluende ſpontaneocus evaporation, are, 170, 
Mechanical pteflure; 24s. The degree of 
heat applied; and 4470, The moiſt or ary 

ſtate of the atmoſplicre, 
Ind. Mr. Boyle found that ſpring writer, 
which under the preſſure of the atmoſphere 
requires 
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requires. 212 degrees of heat to bring it to 


the boiling point, boils in the exhauſted re- 
ceiver at the temperature of the human blood: 
and vitriolick æther, whoſe. boiling point in 
air is 96, boils in vacus below the freezing 
point of water. Various other inſtances 
might be adduced to evince the powertul in» 
fivence, which mechanical preflure hath over 
the evaporation, of fluids. In, Papin's digeſ- 
ter, water may be heated to 400 degrees a+ 
bove the boiling point, without dent all con- 
verted into vapour. 

ado. Heat ſeems- to 808 — 
evaporation. in two ways; both by its action 
upon the fluid, and on the ambient ain. In 
the firſt place we. know that heat augments 
the repellent power in. the particles of fluids; 
and by thus increaſing. their elaſticity; cauſes 
them to expand. into a larger ſpace, andi af 
ſume the form of vapour. And ſecondly; as 
the denſity of the air on the carth's. ſurtags 
varies with its temperature, and that its pres 
ture is equipollent to its denſity, it is evident 
that the rarefaction of the air will be accord- 
ing to the degree of heat applied, and by 
conſequence its preſſure on the —— 
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3tio. The third circumſtance; which we 


have ſuppoſed to influence evaporatioh, is the 
moiſt or dry ſtate of the atmoſphere, Whe- 
ther we adopt Lord Kaims's ingenious theory 
of evaporation, as publiſhed by Mr. Hamilton 
of Dublin, and conſider ait as a real ſolvent 
of water, or that, with M. de Luc, we ſup- 
poſe the phenomenon to depend ſolely upon 
heat, we muſt, in either caſe, allow that air 
is capable only of keeping a certain quantity 
of water ſuſpended in it; as is apparent from 
its condenſation into dew, miits, and train: and 
hence the more vapour the atmoſphere. is alrea- 
dy loaded with, ſo much the leſs will it carry 
off in a given time, and vice verſa. Theſe 
are the chief external circumitances, which 
tend to increaſe, or diminiſh, the natural ten- 
dency of bodies to ſpontaneuus: cvaporation; 
and they will be found to have more or leſs 
influence, according to the degree of volatili- 
ty peculiar to the evaporating fluids. Thus 


the nitrous æther is entirely converted into va- 


pour, at more than 100 degrees below the 


freezing point of water. Several other things 


contribute more or leſs to evaporation, ſuch 


as extent of ſurface, agitation, &c. Which are 
$00 obvious to require any explanation. 
x From 
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From theſe obſervations, we are.enabled. 
to account for all the phenomena, which at- 
tend the evaporation of fluids, We learn 
from them, that a ſudden and. intenſe cold is 
produced in vacuo, in conſequence. of the 
quickneſs of evaporation, when not influen- 
ced by the preſſure of the atmoſphere; ʒ that 
the ſinking of the thermometer is great- 
eſt, when the air, in which the experiment 
is made, is warm and dry, becauſe heat in- 
creaſes the elaſticity of fluids, and diminiſhes 
the preſſure of the air: and laſtly, that the 
power of evaporating fluids in producing 
cold, is nearly according to the degree of 
volatility in each; becauſe the more volatile 
a body i is, the taſter, and with the leſs heat, 
is it expanded into vapour. 

Since therefore animal perſpiration, and 
ſpontaneous evaporation, are unqueſtionably 
one and the ſame proceſs, we may reaſonably 
ſuppoſe them regulated by the fame law, and 
productive of the ſame effects; and conſe- 
quently that the more perſpiration is aug- 
mented, the more ſenſible heat becomes la- 
tent; or in other words, the more cold is 
produced. Why then call in the aid of a 
power of deſtroying heat in the animal body, 


of whoſe exiſtence we have no proof, and of 
| 1 whoſe 
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whoſe modus agendi we have no concep- ; 
tion ? Has not nature, by framing the living 
ſyſtem, in ſuch a manner as to render it in an 
eminent degree capable of evaporation, fuffi- 
ciently provided againſt the viciſſitudes of the 
atmoſphere, in every ſeaſon, and in every 
climate? Obſervation and experiment have 
taught us that, between the tropicks, the 
tendency of the human body to evapora- 
tion increaſes in the fame proportion as it 
diminiſhes in the neighbourhood of the poles. 
Dr. Blagden himſelf is obliged to allow that, 
in his experiments, the living powers were 
very much affiſted by perſpiration, though by 
no means enough to account for the whole 

of the cooling; but had he reflected that as 
the heat increaſed, fo did the ſpontaneous 
evaporation from the ſurface of his body, and 
that the unuſual degree of fatigue, which he 
felt after leaving the rooms, could only pro- 
ceed from the more violent effort of the cir- 
culating powers to increafe both ſenſible and 
inſenſible perſpiration ; had Dr, Blagden, I 
ſay, adverted to thefe, and the other circum- 
ſtances formerly mentioned, he muſt have 
been convinced that the cooling effects of 
evaporation are fufficient to account for all 
the phænomena; and that it is in reality the 

| 1 great 
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great agent employed by nature in preſerving 
the juſt balance of temperature in the animal 
machine. 3 
With reſpect to Dr. Fordyce's experiments 
in moiſt air, which Dr. Blagden ſuppoſes to 
evince the contrary of the above concluſions, 
it muſt be obſerved in the firſt place, that the 
degree of heat was by no means ſo conſide- 
rable as in his own; and ſecondly, the high- 
ly rarefied vapour, with which the air was 
unpregnated, would have very little, if any 
effect, in preventing an increaſe of perſpira- 
tion proportioned to the degree of heat. For 
though we have ſaid that a dry ſtate of the 
atmoſphere is more favourable to the evapo- 
ration of fluids, than a moiſt one, yet as no- 
thing ſo much relaxes the ſimple ſolids of 
animals, as heat and moiſture combined, and 
that nothing favours perſpiration ſo much as 
relaxation, it is plain that the vapour, with 
which the air was fraught, in Dr. Fordyce's 
experiments, would rather promote, than 
obſtruct perſpiration. This to me is the true 
modus operandi of the vapour- bath, and the 
only principles on which its ſalubrious effects 
are to be explained. A cold moiſture applied 
to the ſurface of the body no doubt checks 
perſpiration; but that is not only owing to 
Tt 2 the 
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the air being already ſaturated with a watery 
exhalation, but more eſpecially to the tonick 
power of the cold, which braces the ſolids, 
and conſtricts the cutaneous pores. Beſides, 
cold water is by no means ſo good a ſolvent 
of perſpirable matter as hot, and therefore 
cannot carry it off ſo quickly from the open 
mouths of the exhaling veſſels; and ſhould 
it ſtill be urged that Dr. RHrdhce was incapa- 
ble of ſupporting ſuch high degrees of heat in 
moiſt as in dry air, we ſhall find no difficulty 
in accounting for it, on the difference in the 
denſity of theſe two bodies. We have ſeen 
that bodies are ſuſceptible of heat nearly ac- 
cording to their denſity; if therefore it be 
conſidered that water is 860 times denſer 
than air, and that when it boils, it has acqui- 
red all the heat of which it is ſuſceptible in 
an open veſſel, the concluſion muſt be, that 
air will boil much ſooner than water; that it 
will acquire, in a much leſs compaſs of time, 
all the heat of which it is ſuſceptible, and 
hence that the moſt ſubtile watery exhalation 
will communicate more heat than air, which 
has been expoſed to the ſame heating cauſe, 
The contrary of this opinion was ſtrenuouſly 
ſupported by M. Deſaguliers, who wrote a 
very ingenious paper to prove that water, by 

evaporation, 
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evaporation, is rarefied in a greater proportion 
than air; but reiterated experiments have ſhewn 
his calcul to be extremely erroneous; for water, 
when expanded into ſteam, inſtead of 14000 
times, as he alleges; is only increaſed in bulk 
1660 times. Many other arguments might 
be brought to ſhew that the reaſon why De. 
Pordyce could not remain ſo long in moiſt, as 
in dry air, though ſeemingly of an inferior tem- 
perature, was entirely on account of the diffe- 
rent denſities of the medium; vapour being 
ſuſceptible 6f a much greater Notz yo bear 
than highly rarefied air. 

Theſe are the animadverſions which occur- 
red to me, after attentively weighing every 
circumſtance in Dr. Blagder's experiments. 
T have dwelt the longer upon them, becauſe 
they afforded me an opportunity of enlarging 
upon ſeveral particulars, which tend to ex- 
plain and corroborate my general doctrine of 
animal heat. I ſhall therefore only add that 
till Dr, Blagden, and thoſe who have em- 
braced his opinion, bring more concluſive ar- 
guments, and leſs ambiguous experiments, to 
prove that the living ſyſtem is endowed with 
an active and poſitive power, or principle 
peculiar to life, of deſtroying heat, I muſt be 


permitted to conſider his hypotheſis, not only 
as 
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as a baſeleſs. fabrick, but in ſeveral reſpects 
inconſiſtent with ſound philoſophy. At the 
ſame time, I deem both Dr. Ferdyce and Dr. 
Blagden juſtly entitled to the. higheſt com- 
mendations and applauſe, for the active ſpirit 
of inquiry, and the endeavours, which, they 
have exerted to extend, by experiment, the 
ſtill very limited boundaries of every branch 


of natural ſcience, particularly of the phy- 


ſiology of animated body. But ſuch is the 
tallibility of the human mind, fo various are 
its views and apprehenfions, that the grads» 
tions, by which it deviates from truth into 
errour, are almoſt imperceptible; and hence 
ariſeth the difficulty, which even the moſt 


profound philoſophers meet with, in laying 


down a ne complete and crepreheakbl 
in all its ein ; S001 | 


3 8 Ole * . — wt | 


Said an ancient fage; and it is obvious, that 
we form our idea of a man's parts, and phi- 
lofophical knowledge, not from his having 
never erred, but from his having erred leſs 
frequently than others. 5 


* Theognides. 


Aſter 


1 ˙ * - 1 ‚—˙— mp 7 ry mr *”: ow” T* 2 3XVnx3z3_w7_ = EE 


yk 2A a . © 4 


evince the Truth of the Theory propoſed. $35 

After explaining by what means the ani- 
mal body is capable of ſupporting fo high 
degrees of heat, as thoſe mentioned in the 
foregoing experiments, we ſhall, J preſume, 
find little difficulty in accounting for the ſta- 
bility of animal heat, under the natural vi- 
ciffitudes of external temperature in different 
feaſons and climates. 

Nature, not content with having endowed 
man with the tranſcending faculty of reaſon, 
and of thereby eftabliſhing him lord of the 
creation, has, with equal ſagacity and btne- 
ficence, caſt his corporeal frame in a more 
perfect mold than that of other animals. 
For whilft theſe are either confined to a par- 
ticular region of the globe, or if they ſeem 
capable of exiſting beyond it, gradually 
dwindle and degenerate from the vigour and 


perfection peculiar to their ſpecies ; man is 


bleſſed with a frame; which is at once fo 
hardy, and ſo flexible, that he can ſpread 
over the whole earth, become the inhabitant 
of every region, and multiply under every 
S Now the chief circumſtance, on 
which the ftexibility of the human body, in 

this reſpect, ſeems to depend, is the power 


which the economy hath of preſerving uni- 
| tormity 
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uniformity. of temperature, in the various de- 
grees of heat #94; cold to which it * ex · 
oh 
But though in 7 regions. of the 
earth, the temperature of the air varies very 
conſiderably, we. are now from obſeryation 
aud experiment, ſufficiently convinced, that 
the ancients were egregiouſly miſtaken on 
this head. Of the five zones, into which 
they divided the terraqueous globe, the two, 
on which they beſtowed the appellation of 
temperate, were alone, according to their no- 
tions, allotted to man for his habitation, and 
the only indeed in which life could ſubſiſt. 
This wild opinion was not a conceit of the 
uninformed vulgar, or a fanciful fiction of the 
poets, but a ſyſtem adopted by the moſt en- 
lightened philoſophers, the moſt accurate 
| hiſtorians and geographers in. Greece and 
Rome. There are (ſays Pliny), five divi- 
fions of the earth, which are called zones. 
All that part of the earth, which lies near to 
the two oppoſite poles, is oppreſſed with ve- 
hement celd and eternal froſt, . There, un- 
bleſt with the aſpect of milder ſtars, perpe- 
' tual darkneſs reigns, or at moſt a feeble light 
reflected from ſurrounding ſnows. The mid- 
dle of the earth, in —— is the orbit of the 
7 ä ſun, 
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ſun, is ſcorched and burnt up with flames 


and fiery vapour; between theſe horrid diſ- 
tricts, lie the two other portions of the earth, 
which are temperate, but on account of the 
burning region interpoſed, there can be no 
communication between them *. Accord- 
ing to this theory, thoſe fertile and popu- 
lous regions within the torrid zone, which 
are now not only known to yield their own 
inhabitants the neceſſaries and comforts of 
life, with moſt luxuriant profuſion, but to 
communicate their ſuperfluous ſtores to the 
reſt of the: world, were ſuppoſed to be the 


manſion of perpetual ſterility and deſolation. 


As it would be foreign to my plan to inveſti- 
gate the cauſes, which regulate the diſtribu- 
tion of heat in different parts of the globe, I 
ſhall only obſerve that we cannot determine 
preciſely the portion of heat felt in any re- 
gion of the earth, merely by meaſuring its 
diſtance from the equator. In the memoirs 
of the French academy we find ſeveral curi- 
ous thermometrical obſervations, which ſhew 
that the ordinary heats, even under the line, 
are not greater than what have been in ſome 
ſeaſons obſerved at Paris, and other known 
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temperate places in Europe *. But admitting 
that the temperature of the atmoſphere ſuf- 
fers, which it certainly doth, very conſidera- 
ble variations, in different -climates;- we rea- 
dily perceive a multitude of circumſtances, 
which conſpire to diminiſh the active power 
of heat in warm climates, and obviate the 
deleterious effects of the intenſe» cold of 
northern regions. Upon whatever principles 
phyſiologiſts have explained the action of 
external heat upon the animal machine, 

they ſeem all to agree that it ſtimulates the 
living principle, augments the irritability of 
the moving fibres, relaxes the ſimple ſolid, 
and conſequently diminiſhes the tone of the 
vaſcular ſyſtem. Now as, I truſt, it hath 
been evinced, not only that the evolution of 
phlogiſton is the cauſe of heat in animals, 
but likewiſe that this evolution depends, in a 
great meaſure, on the velocity and momen- 
tum of the circulating fluids, it is no leſs 
plain that the quantity evolved will be in pro- 
portion to the vigour or debility of the powers 
of circulation, than that the Rate of theſe 
powers will be according to the tonick ot 
relaxing cauſes acting upon them. It ſeems, 


a L' An. 1738. 


therefore, 
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ternal” temperature riſeth. The fame infe- 
rence 1s deducible from another known law 
in the animal economy; its tendency to per- 
ſpiration. It hath been already thewn that 
ſpontaneous evaporation produces very intenſe 
degrees of cold, and that its effects are al- 
ways proportioned to the quickneſs of the 
proceſs, and the quantity evaporated ; and 


ſince the animal body is ſo framed, that 


whatſoever , quickens the circulation, deter- 
mines a greater quantity of perſpirable mat- 
ter to the exhaling veſſels, in a given time, it 
is apparent, that as the external heat increaſes, 
the action of the heart and arteries will be 
accelerated, by which means the ſpontaneous 
evaporation will become more copious, and a 
proportional diminution of ſenfible heat take 
place, 

Several other arguments might be deduced 
from the theory, on which I have explained 


animal heat, that tend to account for its ſta- 


bility. According to the principles formerly 


laid down, the heat of animals depends upon 


the condition of the blood. It is theretore 
obvious to remark, that all circumſtances 


tending to preſerve the ſtability of the vital 
Uu 2 fluid, 


therefore, allowable to affirm, that the gene- 
rating power of heat diminiſhes as the ex- 
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fluid, will preſerve a uniform temperature: 
and this we find is effected by many contri- 
vances in the ſyſtem, particularly by the ſtate. 
of ſecretions. Till the blood arrive at a cer- 
tain condition, it is not a proper ſubject for 
excrementitious ſecretion ; but when it reaches 
that ſtate, it is immediately thrown off: 
whence it enſues, that as long as there is no 
morbid affection in the body, the generating 
power will remain the ſame, and an equable 
temperature be ſupported, whether the diſ- 
Charge into the circumambient air be greater, 
or ſmaller : but, in diſeaſe, both the gene- 
rating power and the ſtate of ſecretions are 
changed, and the uniformity of temperature 
in conſequence deſtroyed, With reſpect to 
tebrile heat, it very evidently proceeds from 
the increaſed action of the veſſels, and the 
ſpaſm on the ſurface of the body obſtructing 
ſpontaneous evaporation. 

If the heat of animals really depends on 
the developement of phlogiſton, and that 
the only ſource, from which they can derive 
this principle, is the aliment, there can be 
no doubt that the temperature will be influ- 
enced by the nature and quantity of the food, 
By attending to this circumſtance, we are 
enabled more eafily | to explain the ſtability of 

heat 
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heat in different regions of the earth. The 
quantity of food men contume varies accord - 
ing to the temperature of the climate, in 
which they live, the degree of activity which 
they exert, and the natural vigour of their 
conſtitution. Under the enervating heat of 
the torrid zone, and when men pals their 
days in indolence and eaſe, they require leſs 
nouriſhment, than the active inhabitants of 
temperate, or cold climates; and according- 
y in theſe ſultry regions, their food conſiſts 
chiefly of vegetables, which are as well 
known, from experience, to afford leſs nu- 
triment than animal ſubſtances, as they are 
from chymical analyſis, to contain a much 
{ſmaller proportion of phlogiſton. We there- 
fore perceive two different cauſes combined 
in retarding the developement of that princi- 
ple from the maſs of blood; the relaxing 
power of heat, by which the vigour of the 
circulation is diminiſhed : and the ſmall quan- 
tity of food men conſume, beſides, what 
they do take being of ſuch à nature as to 
contain little phlogiſton in a ſeparable ſtate. 
There are a variety of other circumſtances, 
each of which has more or leſs effect, in en- 
abling the inhabitants of warm climates to 


endure the heat, to which they are expoſed. 
Their 
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Their clothing is light and thin; they care- 
fully avoid violent exerciſe. during the more 
fultry part of the day; the relaxed ſtate of 
their ſolids renders them extremely prone to 
fpontaneous evaporation ; and ſuch is the 
texture of animated body, that heat is com- 
municated to it extremely. {lowly through 1a 
rare a medium as air. In fine, whoſoever 
will allow all theſe circumſtances their pro- 
per weight and influence, will have little dif- 
ficulty in conceiving how the human body 
preferves its temperature equable, and unal- 
texed, though -expaſed to the GY 
n of the n one. 
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mates, 
© HavivG ſhewn by 0 wine means Ring ani- 
mals preſerve, in a medium exceeding their 
own temperature, a uniform degree of heat, 
it remains to be explained, how they are ca- 
pable of reſiſting degrees of cold below their 


natural ſtandard. It appears, from a courſe 
5 of 
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of experiments, inſtituted - by a cclebrated 
phyſiologiſt, Mr. J. Hunter, with a view to 
ſatisty himſclf, whether animals retain liſe 
after they are frozen; that no animal can be 
frozen, till ĩt be deprived. of every principle 
of lite; and that the power, with which 
animals reſiſt cold, is in proportion to their 
degree of pertection, and to the natural heat 
peculiar to each : ſpecies *. The reſult: of 
theſe experiments ſo perfectly coincides with 
the principles I have all along been wiſhing 
to eſtabliſh, that it is juſt-what, | a preors, I 
ſhould have expected. From what was: for» 
merly advanced reſpecting the different de- 
grees of heat, in different claſſes of animals, 
we readily perceive why it required the great» 
eſt cold, which Mr. Hunter could produce, 
to overcome the generating power of heat in 
dormice, whilſt this power, in the toad and 

ſnail, was exhauſted by a much leſs degree 
of cold. The natural heat of theſe, on ac- 
count of the paucity of red particles in their 
blood, the languid ſtate of their circulation, 
and the ſmall quantity of phlogiſton evolved, 
is not only extremely low, but liable to be 
| ſoon affected, and materially altered, by ex- 
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ternal circumſtances; and this, in a due pro- 
portion to the degree of perfection peculiar 
to each. Hence, we perceive why, in Mr. 
Hunter's experiments, the power of gene- 
rating heat was found, in the toad, ſo much 
weaker than in the dormouſe, and ſtill weak- 
er in the ſnail, than in the toad. Many and 
various are the means, which enable the more 
prrfect animals to ſupport degrees of cold 
conſiderably below their own temperature: 
but before I proceed to enumerate them, it 
will not be improper to premiſe a few curſory 
obſervations, on the more general effects of 
cold upon the living ſyſtem. Cold, applied 
to animal matter, ſeems to act in three difs 
tinct ways, according to its degree and mode 
of application: 120. As a ſedative: 240. As 
: 3tio. As an 1 and to- 
nick. f Fes þ 
Imo. Ie is manifeſt that a certain degree of 
head. is abſolutely neceſſary to the ſuppurt of 
the vital principle of animals, and that there- 
fore cold, which very. plainly conſiſts in the 
diminution of heat, hath a tendency to de- 
ſtroy life. When an intenſe degree of cold 
is applied to any member. of the body, it 
ſeems to operate by aboliſhing the tone of the 
veſſels of the part: Firſt, thoſe in immediate 
contact 
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contact with the ſcarf- cin, and, by degrees, 
thoſe ſituated more internally; and as the 
generating power of heat depends upon the 
ſtate of the circulation, and this upon the 
tone of the veſſels, it is evident that the vital 
fluid will no ſooner begin to ſtagnate in its 
canals, than the part will be cooled down to 
the mean temperature, between 98 degrees 
and that of the ſurrounding medium. This 
opinion is perfectly conformable to the teſult 
of Mr. Hunter's experiments, which likewiſe 
tend to ſhew-that cold acts by deſtroying the 
tone of the veſſels, and not by firſt cooling 
the part ſo as to congeal the fluids, as has 
been generally ſuppoſed by phytiologitts. 
Facts are ſtill wanted to determine 8 
how great à part of the animal machine, or 
how far the whole may be diminiſhed in 
temperature, without the loſs of life; but 
from the recovery of drowned perſons, and 
the caſe, of the dormant animals, it ſeems 
highly probable, that both may t ke. place to 
a conſiderable degree, 

We cannot, however, doubt of the ſeda- 
tive power of cold, when we reflect on the 
many unfortunate perſons, who, in the more 
northern regions, periſh in the ſnow. On 
theſe occaſions, the vital principle is over- 

X x come, 


1 
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come, the tone of the ſanguiferous ſyſtem 
deftroyed, and "by degrees the circulation 
ſtopped. Here every ſymptom beſpeaks the 
ſedative power of cold. Torper, debility, 
and faintneſs, firſt ſeize the helpleſs victim 
worn out with fruitleſs ſtruggles ; then, in 
ſucceſſive order, follow inſenſibility and 
coma, which terminate — W 
| ſcene - IM N 

24, When cold is not interiſs enough 'to 
deſtroy the nervous ſyſtem, it then En a 
real ſtimulus,” either topical, or general. 
is well known that the "tranſient - eplitt 
of a flight degree of cold conſtantly produces 
a redneſs and heat of the ſłin. This influx 
of blood into the part, clearly ſhews, that 
cold acts as a ſtimulus on the fanguiferous 
ſyſtem ; and as it is probable” that cold acts 
primarily as a ſedative, we ought no doubt to 
explain its ſtimulant effects on the ſame prin- 
ciples, as thoſe of all other ſedatives, and 
afcribe them to the mmm er ge ve _ 


& - 44 


| 2 — — on every nerve 
| Thedeadly winter leizes, huts up ſenſe, GC 4 


And Oer his ſtrongeſt vicals creeping cod 
Lays him along the ſnows a ſtiffen'd corſe, : 


| Unſtretch'd and rome in the northern blaſt. 
: . Tun o uso. 


how- 
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however this may be, there is an unuſual de- 
termination of blood to the part, and where- 
ever the circulation is increaſed, there, as ap- 
pears from the caſe of topical inflammation, 
a greater degree of heat will moſt certainly 
be excited. | | 
tio. Cold acts upon animal matter, as all 
other aſtringents do, by conſtricting it, and, 
at the ſame time, either by this conſtriction 
alone, or ſome leſs evident mode of action, 
it proves a tonick to the muſcular ſyſtem: and 
hence, when cold induces fever, it produces 
alſo that increaſed action of the circulating 
powers, which conſtitute the diatheſis pblogiſti- 
ca, or inflammatory habit. It is on this account, 
that rheumatiſm and inflammatory diſorders 
m general, are moſt commonly the produce 
of cold climates, and cold ſeaſons, and fre- 
quently the immediate effect of external cold, 
It is therefore obvious, that cold both acts as 
an aſtringent and a tonick, As an aſtringent, 
it tends to diminiſh ſpontaneous evaporation z 
and as a tonick to brace the moving fibres, 
and increaſe the vigour of the ſanguiferous 


cold on animated matter: and here we can- 
not ſufficiently admire the ineffable wiſdom 


of the; great author of nature, who has fo 
Xx 2 framcd 


ſyſtem, Such are the more general effects of 
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framed the animal machine, as to render the 
cold, to which it muſt be inevitably expoſed, 
in different climates and ſeaſons, a powertul 
agent in obviating the deleterious effects, that 
we thould, 4 priori, have expected from it. 
A certain degree of cold, by increaſing the 
tone of the veſſels, augments their action, 
and thus cauſes a greater quantity of phlogiſ- 
ton to be brought into an active ſtate in a 
given time: And hence, not only more heat 
is generated in the body in a cold, than in a 
warm atmoſphere, but alſo, as both ſenſible 
and inſenſible perſpiration are much leſs con- 
ſiderable, the heat excited is carried off more 
lowly; for the cold, we have ſeen, produced 
by ſpontaneous evaporation, is always pro- 
portionate to the celerity of the proceſs,” A 
multitude of other circumſtances have a ma- 
nifeſt tendency to mitigate the piereing cold 
of northern regions, and enable man-to pre- 
ſerve uniformity of temperature. In cold 
countries, his-food is chiefly animal, his drink 
ſtrong and generous: - The former affords 
him a conſtant and copious ſupply of phlo- 
giſton, ina ſtate readily ſeparable by the cir- 
culating powers, and the latter acts as a ſti- 
mulus to the heart and arteries, - and thus 
"NR the „ of that ethereal 
fluid. 
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fluid. Pliny, one of the - moſt celebrated 
paturaliſts- of antiquity; pathetically laments 
that, whilſt nature has given various clothing 
to the brute creation, and even fenced plants 
and trees with bark, againſt the injuries of 
cold and hear, ſhe ſhould have caſt man into 
the world naked, and unprovided againſt the 
inclemency of different climates, and ſeaſons, 
But, initead of agreeing with that philoſo- 
pher, that nature has, in this particular, ated 
more like a cruel ſtepmother, than a kind 
and indulger t parent to man, we cannot, in 
my opinion, ſufficiently extol her. providence 
and wiſdom, It was no more than conſiſt- 
ent with equity, to provide the irrational part 
of her works with clothing ſuitable to their 
circumſtances; but man, whom ſhe endued 
with the tranſcending faculty of reaſon, and 
intended to be the inhabitant of every cli- 
mate, ſhe very wiſely left to accommodate 
himfelf to the difference of his ſituation, and 
clothe himſelf accordingly with the plumes, 
the fleeces, the ſkins of animals, and the 
product of various plants and trees. It is in 
ſome meaſure owing to this provident conduct 
of nature, that man can with impunity emi- 
grate from the center of the torrid zone, to 


the moſt northern regions of the inhabitable 
| globe, 
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globe. In the former his clothing is light, 
thin, and more for ornament than uſe; in the 
latter, the ſhaggy race ſupply him with their 
thickeſt furs; his habitation is well contriyed 
to guard him from the inclemency ot the 
weather; and large 8 — ee 
n the Wen the air. FP 


4 Ct. 


8 E e X T. . 


Of the Connexion, which fabi betwixt the 
hy of heat, the State of Aae. 
nl Colour of the Blood. 1 wa 


ts — n of the heat of 
animals, we had occaſion to obſerve, that the 
degree peculiar - to each ſpecies is very inti- 
mately connected with the ſtate of reſpiration, 
and the celerity, with which the air is ren- 
dered mephitick in paſſing through the lungs. - 
The rationale of this fact is readily given. 
The phlogiſton, which eſcapes from the 
jungs, can only be derived from the blood; 
and the blood, we know, of the hotteſt ani- 
mals abounds moſt with red particles. It is 
therefore natural to ſuppoſe, that the phlogiſ - 
* matter ſhould fly e — 

. greateſt 
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greateſt quantity, and ſooneſt vitiate the at- 
we have found that to be really the caſe, we 
have no room to doubt that thoſe animals are 
hotteſt; whoſe ſyſtem is ſo framed, and func- 
tions ſo regulated, that the largeſt proportion 
of the principle of inflammability is evolved 
from their blood; a farther proof that their heat 
depends on this laſt circumſtance. Ihe rea- 
ſon why the warmeſt animals breathe moſt 
frequently, is obvious. Neſpiration, though 
« voluntary function, is neceſſarily regulated 
by the circumftances of the economy; and as 
its chief purpoſe is to carry off effete phlo- 
giſton from the lungs, unleſs it be inceſſantly 
exerciſed by hot animals, they. muſt ſoon in- 
evitably periſh, by an accumulation of that 
deftruRive principle in the pulmonary ſyſtem. 
The laſt phenomenon I ſhall attempt to 
is the cloſe: relation which the co · 
lour of the blood dea de che, degree of heat” 
peculiar to each ſpocies of animal. It wWas 
formerly ſhewn that the blood of the mam 
malia contains more red globules than that of 
the amphibia; and the blood of the amphi- 
bia more than that of the branchial fiſhes. It 
was likewiſe remarked, that the degree of 
heat in each, bears an exact proportion to the 


colour 
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8 colour of the blood. How are theſe facts to 


be accougted for? No rational ſolution has 


heretofore been offered; but am attentive con- 


ſideration of the principles laid down an the 
courſe of this eſſay, will, I truſto attord a ſa- 
tisfactory explanation oſ the problem. Vari- 
ous proois were brought to ſhew that; the co- 
lour of the blood depends upon the Nate of 
its phlogiſtan, and that ic is al ways of a bght- 
er, or deeper red, as there is mord orf dels of 


this principle preſent inan evolved ſtate : If, 
therefore: animal heat is. owing to che deye- 
lopement of the inffummable matter, it is 


plain that the degree of heat, and the colour 
of the blood, will be ever inlan exactiratio to 

each other. A multitude of otherLphens- 
mena ſtill remain to. be explained. but i as - 


have already far exccedad the bounderieg of 


my intended plan and more eſpecially, 48 it 
is hoped that they will in general, be- idund 
to admit of a ready explanation on the radical 
principles of the theory, Which has-þceit here 
propoſed, I muſt beg leave to ſubmit them, 


and whatever difficulties may occur, tothe 


n ee of the reader gu 211 
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